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PALAEONTOLOGY. 

" — 

pAL.KONTOLOt;Y* i.s tlie scifiice which treats of the evidciues 
in the earth's strata of oi^^anic beings, consisting ot lu;,sil 
remains. ea.std and iiii]iiessious, of plants and animak, belong- 
in^', i<ir the most pail^ to species that are extinct 

The endeavour to interpret such evidences has led to 
comparisons of the forms and structbres of existing plants 
and animals, which have greatly advanced the science of 
couiparative anatomy, esixicially as applied to the hard and 
endnrinf; ]tait- ut the animal frame, such a.s corals, shells, 
spines, crusts, scales, scutes, bones, antl ttn tli. 

In applying the iijsiilts of these coinparisons to the restora- 
tion of extinct species^ physiology has benefited by the stud)* 
of the relations of structure to function requisite to obtain 
an idea of the food and habits of such species. It has thus 
been enriched by the well-deiined law of con*elation of 
stinictuit^s." 

Tlie knowledge ot tl**- type or plan ol an-angement of 
certain systems of ongans, r. //., tlie skeletons of the Verte- 
brata and the teeth of the Mammalia, has lieen confirmed 
by the more frequent and closer adherence to such type 
tUscovered in extinct animals^ and thus the highest aim of 
Zootomy has been greatly promoted by palieoutology. 

Zoolog}- has gained ait immense accession of .subjects 
througli th«" d«'terminati<»n ol ihc nature and alhuities o( 

* From palaio^, ancient ; nni»t beingt ; l<>g<w, a tfisatfrtf. 

B 
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rAL.KOXTOIX)fiY, 



extimrt ftfiiiimlK ; ami inut*h further insight lias \m?n fan-ietl 

inUi tlic tiiK' systi in of t lussitication .simc luihiontology 
<*xpa)iiU'«l our survey of tlic animal kiii^itloni. 

But no collateral scionct' has jiroliti^td s<> much l»y ]>alie- 
miiolofry as tlrnt which teaches the structui'e of tho earth'lB 
cnist, with the time» <»Tder, and mode of forniation of its 
coustituent stmtified and unstratified part». Geology, indeed, 
in lier m*ent pnigix.s.s, seems to have loft her old hand- maiden 
iiiiiK iiilnuy h all ujion her young and vigorous f>ris|)ring, tlic 
.science ol organic rcmuius*. 

l\v tliis science the law of tho gcograi>hicaI distribution 
of animals, as fleduccnl from exiniing Hpecics, is shewn to have 
heon in force durinj* ]ten(Mls of time long antecedent to human 
history, or to any evidence of human existence; and yet, in 
ix hition to the whole kno\v!i |ieriod of life~}»henomeiia ujion 
this planet, to have licen a coMij»aratively recent le.sult of 
geological l"oix;es determining the present configuration and 
X>09ition of continents. Hereby, ]»alteontology throws light 
upon a most interesting branch of geographical science, that, 
viz., whicli relates to former confignmtions of the eaiih's 
surface, and to other disjK>sitiun> of land and sea than prevail 
at the ]»resen.t day. 

l^iheontology shews that climate has changed in the same 
latitude frt»m warm to cold and from cold to warm, in a de«,n*ee 
gi'eater than any recorded in human histor}', and thus suppHett 
metcorolog}' with a most interesting thongh obscure problem 
in ix»f?ftrd to the ph} sical conilitions of such alternations. 

Finally. )i:ilaontoloi;y lias yielded most iiiijM.rtaiit fai t> in 
the Jiighest range f>f knowlcdLre to whicli the human intellect 
aspiivs. It teaches that the glnl i allotted to nuin has i-evolved 
in its orbit through a period of time so vast> that the mind, 
in the endeavour to realize it, is strained by an effort like 
that by which it strives to ronci»ive the s]>acc dividing the 
sidar .system fiiun the nuist distant ncbuhi. 
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I'alaoiitolojj^^' lia.^ .sliiiun that, IVom the iiicfuiccivably 
remote j)eritHl ol' tlie deiMisitioii of tlie Cambrian rocks, the 
eartli lias been vivified by the sun's light and Iieat, has been 
fertilized by refreshing showers^ aud washed by tidal waves ; 
tliat the ocean not only moved in orderly oscillations regu- 
lated, as now, by sun and moon, but was rippled and agitated 
by winds and storms : that the atmosphere, besides these 
nii»v( incuts, was ln altliily iiiHiM iucd by uIoikIj^ aud vapuuris, 
rising, coudeusiiig, anti falling in ceaseless circulation. With 
such conditions of life, i>aheontolog}' demonstrates that lite 
has been enjoyed during the same countless thousands of 
yean ; and that with life, from the beginning, there has been 
deatL The earliest testimony of the living thing, whether 
coral, crust, or shell, in the oldest fossiliferons rock, is at the 
same time proof that it died. At no period does it apjiear 
that the gift of life has been uionopulized by contemporary 
individuals through a stagnant sameness of untold time, but 
it has been handed down from generation to genemtion, and 
successively enjoyed by the countless thousands that consti- 
tute the species. Pabeontology further teaches, that not only 
the individual, but the species perishes : that as death is 
balanced by generation, so exiiia tiOii has bct ii concomitant 
with the creative poAvcr which has pruiiuccd u bucccssidii of 
species ; and fuithennore, that, iu this succession, there has 
been an advance and progress in the main.^ Thus we learn 
that the creative force has not deserted the earth during any 
of the epochs of geological time tliat have succeeded to the 
first manifestation of such force ; and that, in respect to no 
one chiss of animals, luis the operation of creative force been 
liniilcd to one ;_'cciln^ical ej)och ; and perhaps the most ira- 
poitant and siuniticant i-esult of pakeontological reseai-ch has 
been the establishment of the axiom of the continuous 
operation of the ordained boc4)niin<; of the spcK>ies of living 
thingfi. 



Digitized by Google 



4 



PALiKONTOLOGY. 



Tfie presi'iit .suni y (•! ilir cvuleiict^ of (trg;ini<- Ixniigs in 
tlie oartli's ci Uisl cohuik ih < willi the lowest ui inoi^t siinpl** 
t'ornis, and will treat cLieily of the remains of the animal 
kingdoDL 

A reference (o the subjoined Table of Strata" (fig. 1) will 
indicate the relative position and age of the geological forma- 
tions cited, in connection with their chafact«ristic fossils. 

( )i'«ranisins, or living' tliiiit^s, art* those ])Ossess such 

nil intnnal fi?nular or cclhilo-va-seiilar .sUuctuie caii rt'ceive 
liuid liiutlcr ii\m\ witliout, alter it.s nature, and add it to the 
alterative structure. Sucli fluid matter is called ** nutritive," 
and the actions which make it so are called ''assimilation" 
and ** intus-sn8cei>tion." These actions are classed as ** vital,** 
because, as long as they are continue<1, the organism" is said 
" to live.'* 

When the or;;anisni cau n\><> u\<<\(; wlien it receives the 
nutritive matter bv a mouth, ivtnins uxvjieu and exhales 
carbonic acid in respiration, and has fi>r the principal tissues 
quaternary compounds of carbon, hydrogen, oxygen and 
nitrogen, it is called an ''animal.'* When the organism i^ 
rooted, has neither mouth nor stomach, retains carbon in 
respirati(»n and exhales oxygen, and has for the rhipf tissues 
biuary or !• rn.irv < mnjuninds, it is called ;i ■pliuit." Hut 
the t\M> ivahu6 ol iSalurc called "plant.s" anil " animals'' an* 
specialized members of the one greater gixmp of living things ; 
and theiie are numerous oiganisms, mostly of minute size and 
retaining the form of nucleated cells, which manifest the 
common organic characters, without the superadditions of 
truly distinctive plants or animals. Such organisms are 
callfHl " Acrita,"* and include the A morphozoa or s}>on[ies, the 
BhisKJ^iodoy ur luraminifci*s, the roli/ci/iiinca, the lJmtoviacca\ 

• Gr. a, oxpjossing xcant ur absence; krino, to wparatc ; higuiijiiig a waul 
flf diRtiflction or difl^rentiatinn of tisBoes mi<I organ*. The groap han mnce 
be«a called '* Protoioa/' Gr. jMvfo«, iirat ; toi, life or living thing. 
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DesmidiWt Gre{ft(rinfr, and most «il tlic PvJytjadiia ol Jiliieu- 
hci^, or infufiorial animalcules of older authors. 

ACRITA OR Protozoa. 

Chkm 1. — Amorphozoa.* 

Fossil .s|»ou«,'i'!4 take aii iiiijxirtaiit place among tlie oi^giuiic 
remains of the former world ; less on account of their great 
variety of form and structure, than because of the extraordi- 
nary abundance of individuals in certain strata. In England 

they specially clianict(*rize the ehalk fomiation : extensive 
heds of .silicified sponges (x cur in the upper greensaud, 
and iu some of the oolitic and carboniferous limestones. 
In Germany a member of the upper oolite is called the 
spongitenkalk/' from its numerous fossils of the present 
class. 

Existing sponges are divided into liorny, flinty, and limy, 
or "ceratose" *' silicious," and " cal< uk uus," according to Ww 
substance of their liard sustaining parts, which parts are 
conuuouly iu tli<« shape of fine needles, or "spicula,"of very 
varied forms, but in many species of sutticient constancy to 
cbaracterizc such species. The soft organic substance called 
"sarcode'' appears to be structureless, and is diiHuent ; it in 
uncontractile and impassive, but consists of an aggn g;dc ul 
more or less riuliattnl ( oi piiscles, in some of which t he trace 
of a nucleus may be discerned. Th»' hngci- orifices on the 
suiface of a sponge are termed "oscUla," and are Uiose out of 
which the currents of water flow : these enter by more nume- 
rous and minute "pores.** 

The calcaT<»oiis sponges abound in the oolitic and creta- 
ceous str.itii, alLaiiiiii^ tlirir iii;i.\iiimm of devclo]iniMit in the 
chalk; lliey ai-e now ahnost cMinct, t>r are represented by 
• CJr. a, without ; woiyAi, form : xoe, life. 
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other families with calcareous spiciihi. The horny sjiougcs 
appear to he more ahimdant now than iti the ancient seas, but 
their remains are only recognisable in those instances where 
they were charged with silicious spicula. 

M. <!'( )ilii;^ny rmiiiiciati's 8(» ;/t'iiria and i'17 s]nM*ies «>t" 
fossil sjM mint's ; aiitl this is pinhahl} a small jintpMitioii 

of the actual nuiiihi i in luusf uma, as the ditticulty of deter- 
mining the limits uf the species is veiy great, and many 
remain undescribed. 

PajUB08p<mgia and AeatUhospongia occur in the lower 8ilu- 




Aatarphosoa; JikisiOfwIu. 

1. Si{>hunia pvriforiiii". <t<>Mf < 1 tn na^iiul, I'lackduWIt, 

2. <;iicttardia 'lliiolati /' I'lmll. Ui.irriu. 

3. Veiilriculiti-H radial u&, Mailt . ( 7i«i//., Su>hf.\. 

4. Mmioii oM-ulirvruin, lliil. ; U. Chalk, YurkHhire. 

5. KuMuUiia cylinilrivii. Flitch. ; i\ii lniinitroH»,VimMvi. 
(y Kl.il" Hiii.i ni:.'.»a. l»'Otl» ( hull. KtiiM|n'. 

" l.iniula ii:uinl<ii'l< a. l.aiii. ; ('luill,. Kiin>|><\ 

8. Niiniiuulites uumniulariu, Hrii^. , Kuccne, (Jid WurlJ. 

9. OrliitoiUes media, D'Arch. ; U. Chalk, France. 
10. Ovulites margaritulu, Imoi. ; Chalk, Eurutie. 

rian ; and SirotnatvporUf with its concentrically laminated 
masses, attains a large size in the Wenloek Uiue.ston<*. Sfe- 
yunodufijum, SpttrtfUjKmjia^ and sjKJfies of Sii/j-'hiit, \iiv. huuMl 
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ill the Devonian, and liothrncmis ^fam^lloJK>ray ami Trftffos^ 
in the Permian or magnesian, Jirne.stoue. Several gcucra are 
common to the tria« mik! oolites, {lud several more are peculiar 
to tlie latter strata. Xhe Oxfordian sponges belong chiefly to 
the genera Ended, Hippalimus, Cribrispanffioy Stdlispon^a, 
and CiqyvliAimitgia, Their fibrous skeleton appears to have 
Ijeen entirely calcareous, an<l oft<»n very solid ; their form is 
cup-shajxMl, or iii:niniiillate<l, (jr incnistincf. juhI many have u 
siev(i-]ike ai»|>eurunce, li-om tlie regular diiitributioii oi' the 
exriirrent orifices over their .surface. 

The greensand of Fanngdon in Berkshire is a stratum 
prolific in sponges* chiefly cup-shaped and calcareous, of the 
genera Scyphia and ChtfMfndoporo, ; or mammiUated, like 
Cnemidinm and Vertieiliopom, The Kentish rag is full of 
s])onges, w liich are most ap]»ai'ent on tlie watci-w uni sides of 
fissures. Some lje«ls are so lull nl' silicitms sjjieulaas to irritate 
the hands of the quanymen working those beds. The gi<^en- 
sand of Blackdown is famous for the number and perfect 
preservation of its pear-shaped Siphomcn (fig. % i) ; whilst 
those of Warminster are ornamented with three or more lobes. 
The latter locality is the richest in England for large eujv 
shaped antl branching sponges {Polypothccia), whieh arc all 
silicified: tln^ lourr stt-ms of these sponges have been mistaken 
for bones. The sponges, chiefly Siphon ia , of the up|>er green- 
sand of Famham are infiltrated with phosphate of lime, and 
have been used in agriculture. 

The sponges of the chalk belong to several distinct &milies. 
Choamiks resembles the Siphcnia, but is sessile, and exhibits 
in section, or in weathered specimens, a spiral tube windinji: 
round the central cavity. It is tlu' ( (nniiKinot sjMiiigc in the 
Brighton brooch-pe bides. Others are irregularly cup-sliaped 
and calcareous ; and many of the Wiltshire fiints have a 
nucleus of branching sponge (8. elavellata)* The chalk flints, 
arranged in regular layers* or built up in columns of Para- 
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iiiimili .» all euiilaiu traces of .six)ii<ie structuiv, ainl tli(4r 
origin is in some ineasuro connected witli the jjeriodic gi'owtli 
of large ci-oj^s of sponges. Frequently tlie cnist or outer 
surface only of the sponge has lieeu silicilieil, while the centn; 
has decayed, leaving a botiyoidal or stalactitic cavity. The 
cup-sha])ed sponges are almost always more or less enveloped 
with flint, which invests the stem and lines the interior, leavinji^ 
the rim exiKj.scd. The s|>nnr,'e.s of the Yorkshii-e chalk are of 
a diffeivnt character: stmw are elonj^sited and nulii itV-nn, 
otheift horizontally expanded, l>ut they contain comparatively 
little silica ; while those belonging to the genus Mancni 
(fig. 2»4 )f having prominent ''oscula," are superficially silici- 
fied, and will bear immetsion and cleaning with hydrochloric 
acid. The largest gioup of chalk 8i»onges, typified l»y VerUri- 
n(li(€s (tig. 2, 3), have the form of a cnp or funnel, slender or 
expan«led, or folded into star-like shape (Chn Ita ril i>t, iv^. 2, i\ 
^ith I'nxesses from the angh'S to gi\e them tinner attach- 
ment. Some have a tortuous or lahyrinthic outline, and 
others ave branched or compound, like BraehuUiUs. Curious 
sections of these may be obtained from specimens enveloped 
with flint or pyrites. The burrowing s}X)nge^ Cliona, is com- 
monly found in shells of the tertiaries and chalk. The great 
cretat t (HIS jLxofpjrct of the United States arc frequently iiiined 
by tlieia: and flint casts of Bt/r/nuUts and Inoccraini are 
often covered by their i-amifyiJiii ( ' lis and tibms. Thin sec- 
tions of chalk flints, when polished and examined with the 
microscope, sometimes exhibit minute spherical bodies {Sfpini- 
ftriies) covered with radiating and multicuspid spines. From 
their close resemblance to the little fresh-water organism 
Xcntkidiuvu they long bore that name; but they are certaiidy 
nuii ine bodice, and pn»bably the sjjorcs cf s|*ong( 

The generic fonus of sponge augment in number and 
variety from the silurian to tlie cretaceous beds, where the 
increaf>e is mpid. But all those, like 8ij)honia, Spanipongia, 
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AmorjthosjiiDiffia, ^vhich havt; ti aiony I'titiculaUi t'mine, mtliout 
spiculie, and uva gtx>uped together as Pch'aspowjiadw, passed 
away with tlic secondary e|K)eli, and the family has no repfe- 
sentaiives hi tertiary deixjsits or existing seas. 

Class 11. — Khizopoda.* 

The orgMuisms of this clas8 aixi small and lur the mo3t 
part of microscopic minuteness, of a simple gelatinous 
structure, commonly protected by a shelL The most simple 
rhizopods, called Amwhay pi-esent a globular form when 

eoiitractud, but can extend portions of their substanee (" sar- 
cude"; like luolb, and use tlimi to draw along tlie rest 
of the mass, like the I'eet or tentacles ot poly^x*, whence 
the name of the class. Thci^e root-like processes can als(» 
attach themselves to foreign particles, and draw them into 
the ''sarcode," where the soluble oiganic ])aii, so ^'intus-sus- 
ce[>ted," may be assimilate<l, the insoluble part beinjj extruded. 
A solid hyaline corpusele or nucleus is eomnioniy di>< ci iiible 
in the iiiteriur of tlie Anotlmy soiiRUiues accompanied by one 
or more clear contractile vesicles. When the productions of 
the sarcode are numerous, filiform, and seemingly constant^ 
radiating from all parts of the body, the rhizopod presents the 
characters of Aetinojihrf/s. Wlieu the tentacles are produced 
from onlv one extremity of the both Me have the wnus 
Pamphnjn.'i. When sui h u rhi/,o[»od is euchtsrd in a mem- 
branous .sac It is a JJij/itf^jia ; if the sac i>e discoid M ilh u slit 
on the flat surface for the }iix>trusiou of the ttmtaeles, it is an 
Arcdla. In other rhizopods tlie sac is calcified, or becomes a 
.** shell,'' which is sometimes simple, but usually consists of an 
aggregate of chambers, inter-communicatuig by minute aper- 
tures, wlM'uee the name Foi (uahiij\ ra gi\ en to the testaceous 
rhi/opods. These ciiambt rs grow by successive gemmutiuu 

• C*r. rhi:sa, root ; pout, foot. 
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fi>oin a pnmoiiliai asc^iiieut, soiiictimes iu a straight Uue, uiore 
commonly in a spiral curve; and each segiiicut so develojiecl 
has its own shelly envelo|)e. ^Vs, however, they are oi-«,miiicaJ I \ 
coiinfcted, the wliolr seems t»> form a *' cliambered " or "poly- 
lluil.iiiK 'lis >Ih*11. The last-formed seL'iueut is usually 
distiiiguislied l)y the verv loii^, slender, pellucid, cx'loiirleaft, 
I'oiitmetile tilameiits whieh have siiggcsted the name " Rhizo- 
pods for the class. But, in the Foramini/era, both the outer 
wall and the aepta of the com|iouud shell are perforated by 
uunute apertures, through which either connecting or pro* 
Jecting filaments of the soft t>rgauic tissue can pass. The 
seveml .se<jrments or jelly-lilled cliand>ei's aiv essentially 
repetitious of each other; and there is no proof that the inner 
and earlier segments derive their nuuiishment fixim the outer 
and last-formed one. A foraminifer may therefore be regarded 
either as a scries of individuals, oiganically united, or as a 
Hingle aggregate being, compounded according to the law of 
vegetative repetition. 

The niiuutc rh.iiuhcii'd shells of F'^ramiuifcra enter 
largely into the e< 'iiijittsition uf all Llic setlimentaiy strata, 
and are so abuNdant in many common and familiar materiiUs, 
like the chalk, as to justify the exi)njssion of Buflon, tliat the 
veiy dust had been alive. The deep-sea soundings of the 
Atlantic Telegraph Company, and those since taken midway 
lietwoen Roekall and Cajie Farewell, have shewn that the bed 
of that great ocean, at a depth a)»proa( hing, or even exceeding, 
tv\«> miles, is eniiijn»st d of little else tlifui the cah uit ou.-, shells 
<if a (ilohi'ft I , It" :iiit| M few other Ilhi/.i>j>«Mls, with the silicious 
shields of the allied Volycy^timc . The composition of the 
chalk is extremely similar: when the finer portion, amounting 
to half or even less, has been waslied away, the remaining 
mnliment consists almost entirely uf foraminated shells, some 
pel feet, others in various stages of disintegration. Tliey have 
also beeji fuund in otlu-r ni.oirie lurmations, which arc S4>li 
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ciiDiiuli tu Ijc washed, (low ii to tlie Lower Silurian; ami in the 
hard limestones and marl»Ies tliey can hit deteeted in polished 
secti(jns, and in tkiii slices laid on glass. The givater part of 
these shells are microscopic, but some of the iai^ extinct 
foraminifers, called, from resembling a piece of money, "Kitni- 
mulites," are two inches in diameter. 

The generic divisions in common nse for these shells are 
founded u}>on the phiu of jjjrowlli, or mode of numenVal 
increase of the chambers. The following are the primary 
groups of Hkizo})oda in tlie system of d'Orbigny : — 

1. Mtmosteffo. — ^Body consisting of a single segment: shell of 

one chamber. 

2. {Stichustcfia. — liody eumposed t)f srgiiu'iiL> disj)osed in a 

single line ; shell cuusistiiig of a Imcai" series uf 
chambei-s. 

Heiicosteya, — Body consisting of a spiral series of segments : 
shell made up of a number of convolutions. 

4. Ent4mo8iegaH, — ^Body consisting of alternate segments spirally 

arranged : shell chambers disposed on two alteniating 
axes formiiiL; a spiral. 

5. EnuUudaja. — Jiotly composed of alternate segments not 

forming a s|>iral : chambers arranged on two or three 
axes which do not form a spiral 

6. AgatkisUga, — Body consisting of segments wound round 

an axis : chambers arranged in a similar manner, eacli 
investing half the entire ciTcumfeTenc& 

A somewhat different arrangement ha,s been ad(^i)ted by 
Schultze^ who divides the Polythalamia into three sections, 
viz. — 

I. liel/rniffm^ including ihost- lorins* in which the .several 
chambers of the shell ai-e arranged iu a convolute 
seiies^ and answering to the last four orders of d'Or- 
bigny. 
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2. HJuihdoidta, in wlucli ihvy aiv ijlaced in u direct liue 

{Sticfiosi' ffi, d'Orb.) ; and 

3. Soroidea^ wiiere they are disposed in an irregular mauuer 

{Aeervulina)* 

Lagena is a genus of the MunotUffo, or BiDgle-chambered 
foraminifeTs, with a flask-shaped shelU sometimes presenting 

a beautiful tlutrd exterior. Entosolcnia is like a Lageiuiy^'iiXi 
tilt* tubular neck iuvrrt^jd into the cavity of the shell. 

Among the mauy-cbambei-ed forauiiuifers the modilica- 
tions of form seem endless. Nodomrla resembles a cylin- 
drical beaded rod: CritUllaria begins by being spiral and 
afterwards becomes straight : most species are wholly spiral : 
in some, as KummuliUs, the convolutions are on the same 
plane : in many the spiral turns obliquely round an axis, and 
gives tilt- shell a trochoid lorui. 

Ui»waitls oi six liundred and fifty-seven fossil species, 
belonging to seventy-thi*ee genera, have been described : they 
commence in the palaeozoic age, increase in nnmber and 
variety with each successive stratum, and attain their maxi- 
mum in the present seas. Most of the fossil genera, and 
even some of the species, pass through many formations; 
indeed, if cori-ectly observed, the existing forms aiv the oldest 
known living <>i*ganisnis. DenUdina cmtimuniSy (JrhUolUes 
comjUantUuSfllosalinn italkoy and RofoJina {/lof/nlosuy all living 
species, are said to be found in the chalk; Motalina u9iUn- 
lUata ranges to the gault; and WMind rugosa is common to 
the upper lias, the chalk, and present sea. It has, however, 
been obser\'ed, that fossil Rhizopo<l8, set free by the disinte- 
ifi-ation of rocks, are mingled with the recent shells on everv 
Ixarli : and they have been obtuine<l in this coiuUtioii from 
gi'eat deinhs of the mid-channel. 

The earliest important form is tiie Fmulinn Cflg. 2, 5', 
which forms ]a>'ers many inches, or even feet in thickness in 
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the carlM)Mil"t'i"<»u.s liincstone uf Kus.sia. The rcrcnt rjcnciii 
bciiddiiui juul Tv-i'hilaita ure Imiiid in tlif» niagiu'.siaii lime- 
stone; Ni>dosHi uty Cristillarii'. ainl Rof^ihn, in the lias. Fla- 
h llina (fif:. 2. 6 is ]»f'culiar U) llie ehiilk ; Orhifoides (tig. 2, 9) 
to the chalk aud tertiaiy series; OmiiUs (iig. 2, 10) is peculiar 
to the eocene and Frondiculina to tlie miocene t«rtiarics; 
Opereulina, Orbiiolites, and Alvcdim ap[)ear first in the 
t<»rtian', ami are still living. Litiwla (tig. 2, 7) occurs in the 
chalk ujal t-liiilk lliuls, ami some 8)MM-i<'s with chambers filli-il 
by u clialky porous matter have \kvm rdcireil to a gemis 
Sjnrolina, Many of the cretaceous foramiuifers c<jutain a 
brown colouring matter, which remains after the shell has 
1)oen dissolved witli weak acid, and has been re^^rded as the 
remains of the oi-ganic substance which once filled all the 
cells. 

The lower eocene beds in the " calcaire grossier/' wliith 
are emj»loyeil at Paris as a l)uilding-stone, contain fora- 
miuifers in sucli abundaiin' that one may say the capital of 
France is almost constructed of those minute and complex 
shells. 

But it is in the middle eocene, or "nummulitic period,** 
that the Uhizopods attained their greatest size, and phiyed 
tlieir most imjwtaut i)ai+. "Wherever limestones or calcare- 
ous sanils of this period are met witli. these coin-sha|ied shells 
a)M)uml, and literally form strata which in tlie aggregate 
become mountain masses. The '* nunimulitic limestones ai*e 
found in Southern £uto})e, in Northem Africa, and in India ; 
they also occur in Jamaica. The commonest form is tlie 
true Nnmmuiifi (%. 2, 8), which occurs in the buUding-stonc 
of the Oreat Pvramid. Th<; ywmmuliies were evidently 
sedentary organisms : and in the large; thin s-jH-cies, one side 
is mouhh'il to the inequalities of the scu-bed on which it 
grew. 

iW//f;//.s//>*<vr.— Tlie tertiary marls of JUvhadoes ailbrded 
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to Elirenben? an extensive* series of novel and cxtniorclinary 
niici-oscopic (uranisms, i oinjiomd ot silicii, hut Ibmminatoil 
likt* tlio slii'lls ot* tilt' lilnzuj«»dp.. Tilt' sume fonns, and others 
similar to them, have been met with ill the deep-sea nmd oi 
the Gulf of the Erebus and Tenor, and more recently in the 
mud of the North Atlantic soundings. They are quite dis- 
tinct in form and character from most of the silicious-sliielded 
Diatom4t4!efr, but some of them resemble the Cosnnodwars and 
A rf inoajfl a.'<. No less than 282 formw, gwuped in 4i provi- 
sional genera, have been described. 



Class IIL— Infdsobu.* 

{PulyQiMttiaf Ehrenbei^.) 

Nnnierons yeiiera and mnltitude!^ of s(>-ealled species (»f 
live and locomotive iiiieio?5e»>])i( oruaiii.sui.s, which, hee^mse 
they do not present the distinct i\i ehai^acters of ]ilants or 
animals, have been by turns refen-Lti to one or other kingdfun, 
possess shells of flint» and consequently enter lai^ly into the 
domain of fossil evidences of former life. The silicious shells 
of Infusoria, though not chambered or foraminated, present 
nnder the mieroseo]»e definite and l>eantiful characters of 
lonii iiiid >( iil|»ture, as ree(i<riiisal»Ic and di-stinetive Ji-s those 
of the calcareous sliells of Mojlu-ca. The plates of the incom- 
paiidile works ami memoir< ot lllm iilier^j; abound with exact 
figures of the delicate sheaths, shells, and shields of the lori- 
fatc<l Infusoria of past and present a'ras of life, the deposits 
of which, by reason of theii pure^ flinty, atomic constitution, 
were known in the arts Inng liefore science had detected their 
nature and vital lai^'in. In portions ot the stone called 
**tripoli" or " |H»liersi'hieler ' ^Hilishing-slale of lapidaries) 

* Tli«M* animalrulcff nxf ronAWy 4)litJiinc«l from infiiMonh *\{ organic mailers 
in water. 
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were microscopically examined by Khrenbeiig, who discoverpcl 
it to Ixi wholly composed of the silicious shells of Infusoria, 

Hiul ohiefly of an extinct sj>ccii's called GaUlondfa distaus. At 
Bilin, in ]k)h< niia, tin n- i.s a sin<fle stnituni ut poliersclneter, 
not le.ss tlian fourteen feet thick, forming the ujtjier hiyer of a 
hill, in evci v cubic inch of which there ai-e foi-tv-one thoiLsand 
millions of the above-named oi|^ic unit This mineral like- 
wise contains shells of Kameulck BaeUlanOf Aetinoeyelus, and 
other silicious organisms. The lower part of the stratum con- 
sists of the sliells comi>acted together without any visible 
cement ; in the upi'i i- masses the shells aiv < < nirutcd toj^ether, 
and filled by amoii)liou> silifious matter fomied out of dissolved 
sh(dLi. At £gea, in Buhemia, there is a statum (»f two miles 
in length, and averaging twenty-eight feet in thickness, of 
which the uppermost ten feet are composed wholly of the 
sicilious shells of Infusoria* including the beautiful Camp^lo- 
discua; the remainin<; ei^^^htoen feet consist of the shells mixed 
with a pulverulent substance, ('orri^spondinjx deposits of the 
silicious cases of Infusoria have since been discovered in 
many other part«i of the world, some including frtuih-water 
species, (jthers marine sjjecies of Infusoria. 

The conditions of such depositions will be readily undcr^ 
stood by examining the sedimentary deposits of bogs and of 
stagnant or slow-flowing sheets of water. In warm latitudes 
and seasons, such water swarms with infusorial life, and the 
indostructil)le cases of the loricated kinds are found in peat 
«luantiLies in the h' llimentary deposits. iHiieath ]ieat bogs 
they have been ft>und to tbrm strata of many lect in tliickness. 
and co-extensive with the turbar}% forming a silicious marl of 
pure whiteness. A quantity of pulverulent matter is deposited 
upon the shores of the lake near Uranea, in Sweden, which« 
from its extreme fineness, resembk*.^ flonr : this hfm lonj? been 
known to the poorer inhabitants under the name of " bei-g- 
mchl,' or mountain-meal, ami in used by them, niixed up with 



Digitized by Google 



INFU.SORLV. 



17 



Hour as an article of f(H>cl. It consists in great [»art of silicioiis 
shells of Infusoria, witli a littl«* or^miiit mallei. W ith regard 
to the source of fossil iulusoriai ix'niains in sea-wat<;r, the fol- 
lowing evidence is given in the United HUUes Coast iSwrvey^ 
1856 :— 

Soundings of the gulf-stream near Key Siscayne, Florida, 
varying in depths from 147 fathoms to 205 fathoms* give a 

light greenish-grey niutl ef»iij]v>sL'd chiefly of Foranunifei-s, 
l)iatoni.s, ruiycystins, aiiil Giulites, in a profusion only sur- 
passetl by the fossil poly* v^tinous strata of Barbadoes. The 
foraniiuifrrs compose the largest part of tln'se muds, including 
Textuiaria ^mmcAfia, Maryinuia Biushei, and other tbrms* 
particularly many species of the Plieatilia of £hrenheig» 
which had been supposed to live only in shallower haunts. 
The sib'cious shells of Diatoms abound in the residue, after 
the calcajvuui, t"uiaminif<M*s liave bwn (lis.Mjlvud by acid. The 
inorganic iMjition of the bvauidiDgs is ciiielly quartz »aud, and 
its jiroiMjrtion is (juit** small. 

Such manifestations uf life, with its miuei«l results^ have 
been detected from the earliest sedimentary deposits to the 
present time ; but as regards the Infusoria, they are given on 
the jrrandest scale in formations of the tertiary age. The 
town <if Richmond, in X iiirinia, United States, is built on 
bari*en silicious strata of maiinc origin and tcrti;irv age. The 
Strata are twenty feet in thickness, composed chiefly of infu- 
sorial iiint-shelis^ including the well-known and beautiful 
microscopic objects^ Aetinoc^ns and Coscinodiseus, 

Most of the infusorial formations, as the polishing-slates 
at Cassel, Plaiiitz, and Bilin, are astounding monuments of 
the opt rutiun of microsco])ic organisms at former |H*riods of 
the iiistoj-}' of this planet. Ti»e nanule .Hize, elementary .siru< - 
turts tenacity of lite, and marvellous i*eproductive power of 
the Infusoria have enabled them to Hur\'ive as ftpcuieH those 
(changes which liavc exterminated contemporaneous higher 

r 
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orj^aiiisnis. S[»ceie.s ut Bticiilaria still exist wliii h in 
lieiug at the period uf the deposition of the elialk. Exibtiiig 
species of Diatmneteecc have been detected aa low down as the 
oolite. The discoveiy by £hreiibeig of more than twenty 
species of silicious-shelled Infusoria fossil, in the chalk and 
chalk'Tnnrls, which are identical in species with some now 
living in tlie bed of tlie Baltic, is an instinctive addition to 
the obscure history of the introduction of species of living 
things in this planet, and must add greatly to the interest of 
the infusorial class in the eyes of the geologist and philosopher. 
** For these oiganisms,*' writes £hrenbeig; constitute a chain 
which, though in the individual link it be microscopic, yet in 
the mass is a mighty one, connecting the life phenomena uf 
distant ntres of the eailh, and i»ix>ving that the dawn of the 
organic nature co-existent with us reaches further back in 
the history of the earth than had hitherto been suspected." 
"The microscopic organisms are very inferior in individual 
energy to lions and elephants, but in their united influences 
they are far more important than all tliese animals.'* 

If it be ever [u-nDiticd tn man to ])enetrate tlie mystery 
whicli enshixjuds the origin of organic force iu the wide-spread 
mud-'beds of fresh and salt waters, it will be, most probably, 
by experiment and observation on the atoms which manifest 
the simplest conditions of life. 

ANIAIALIA. 

I.NVEliTKliliATA. 

fiemains of invertebrate animals occur in strata of every 
age, from the partially metamorphic and c ry^talline vocks of 

tlio Cambrian system to the deposits iui nicd by the Hoods of 
last winter, and the tides of yesterday. They are found in 
every country, from the highest latitude attained by Arctic 



Digitized by Google 



INVEKTKBKATA. 



10 



voyagers to the extremities of the southern continents, and at 

the greatest elevation hitherto eliiul)ed in the Andes or Hima- 
layas. If some clafest s — r.ij,^ Tu.n'n:afn^ AcnJcpho — seem noi to 
bo reprt'st'iited in stiatilied deposits^ they are such as, from 
the soluble or perishable tisanes composing the entire frame, 
at least nnder one of their metagnetic phases, could not be 
expected to be fossilued under any conceirable circumstanoea. 
Evidence, however, of compound Hydiozoa — tie., of the 
polypes which Ellis called " Corallines" — and especially of 
the genus Campanularia, would shew that the acalephal type 
and grade of oigjuiizatiou had been ruanitested at the jieriod 
of the formation of the strata containing such fossil PolypL* 
With the above seeming exceptions, eveiy class of inverte- 
brate animal is repteseuted bj fossil remains. 

They consist of corals and shells, of the cmsts of star- 
fishes and sea-urchins, of the coverings of crabs and insects, 
uf the trackh uiid iihi'llv lialntatious of woiins, and of impres- 
sions of surfaces and cast^ of cavities of soft invertebrates, 
retained by the matrix after the animals had perished. 

The condition in which such fossils occur depends on the 
nature of the matrix and other accidental circumstances ; for 
while some are scarcely altered in composition^ or even in 
colour, others are silicified or infiltrated with carbonate of 
lime, uii«l every part \\n* original may have been dissolved 
away and replaced by another mineml suustauce, atom after 
atom, in the rock which contained it. These evidences of 
former life may come into view by fracture of the rock or 
by exposure to the weather ; farther insight may be gained by 
the action of acid ; and some require the chisel of the mason 
or the mill of the lapidaiy for tihe proper exhibition of their 

structure. 

Multitudes »»f recent species are l"o>siIi/ed In the newer 
tertiaries whose liistory can be made out perfectly from living 
* Owen, " fiCcttiteii nn Invertebrota,** 1856, p. \W. 
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specimens ; but the number of these dimiuishee giaduslly in 
each older stratum, while the ])rui)ortion of extinct forms is 

ever on ila incrcasti. No living sjKcics mora liitrbly oi-ganized 
than a Klii/.(>}i«Kl is fuun<l in the secondary lucks. Recent 
genera exteud lurtlier Inick iu time ; indeed a few may be 
recognised in strata ot ]mla'Ozoie age« shedding a light ou the 
probable affinities and conditions of their associates. Many 
of the smaller groups of genera, called families^ disappear in 
the secondary, and still more in the palieozoic ])i'riod, and are 
to a limited extent replaced \\y trronps which no longer exist. 
But as to the laiii' i' .i-irt'iips of ik l itc oi'ganisms and of inveite- 
bmte auimals, it may be attirmed that every known lossil 
belongs to some one or other of the existing classes ; and that 
the oi^ganic remains of the most ancient fossiliferous strata do 
not indicate or suggest that any earlier and different group of 
beings remains to be discovered, or has been irretrievably lost» 
in the universal metiimorphisui of the oldest rocks. 

Pkovince I.— liADIATA.* 

« 

A polyiie is a small soft-bodied aquatic animal which 

generally presents a cylindrical oval or oblong body, witli 
an aperture at one of its extremities surrounded by a cnnvn 
of radiating filaments or t^'utaclcs." This aperture leads to 
the digestive cavity, which, in most Polypes, is without intes^ 
tine or vent A veiy laige proportion of these aiunmls has 
oigans of support called **))o1)'paries" or corals, of various 
fonn and substance, but for the most part consisting of car- 
bonate of lime ; and, us a general rule, locomotion is lost with 

* For tlie ebaraoteristic oi^nitation of the provinces, ctasaes, orders, and 
familiw of /nMrtefrrato, reroreiu e wuxy be umde to (he writer's " Lecturen on 
Invertebmta,*' Bvo, Longmans, 186d. 
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the development of the polypaty, which usually attaches the 
polype to some foreign body. The oiganization of the soft 
tissues is in general simple ; the faculties of the Polypes are 
very limited; and the vital plienomena, save those of irrita- 
bility uiui contractility, ore inconspicuous. Nevcilhtilt ss, tlie 
influence of the combined puwei-s of some of the spetiejs in 
addin*^ to and modifying the crust of the earth, is neither 
slight nor of limited extent 

Class I.— HYBROZOA.* 

Char, — Polypaiy, when present^ flexible^ external; for the 
most part developing cells for the polypes according t4i 
regular patterns. 

Family I. — GitAefounuA 

To this class may probably belong the oiganic remains 
called ** Gra]>tolites»" which are exclusively and characteris- 
tically Silurian fossils. A certain knowkd^^c of their affinities 
would ivquiiv rxaniination ui the soft parts; and the family 
has long been extinct. Indications of the tlexil'l*- ronsistency 
of the polypar}', and M. Harmnde's statement of the existence 
of a cylindrical canal in its axis» which he conjectures to have 
contained the common connecting tissue of the polypes, have 
weighed with the writer in placing the Graptolites provision- 
ally in the present class of Poly]>i. The axis of the polypur>- is 
sometimes stmiijht rfiu. 3,3), sometimes spiml (fig. 3,6^. 'J'he 
onliiiary form, a.s given by the U nt/'tolUes jrriodiyv '^fig. 3,3), 
is seirated on one side only, and is found abundant Iv iu the 
Cambrian^or older Silurian beds of Scotland and Wales; it 
occurs also in the Ludlow rocks. The double Graptolites 
(JHplograpsus fig. 3, 5, and Didymograpsm fig. 3, 4) are Cam- 
brian Ibnns. RobttrUes (fig. 3, 6) had the polypes only in one 

* Op. cit. ed. 1843, p. 82. 
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side, aud they are less crowded: it ehamcterises Barraikh's 
division E of the Lower Silurian beds of Pxtbetnia,* and 
occurs in the Llandeilo rocks in Britain. The Gnptolites 
abound in aigiUaceons strata, especially in the mud-stones of 
Wales in Cumberland, and in the alum-slates of Sweden. 




Fig. 8. 

Hydrcton ; Anthotoa ; Bry<aoa, 

I. Protovirgularia dichotoma, M'C. ; ^tVur/an, Dumfrien. 
%. Oldhamift antiqiia, Forbes; CombnoM, Wicklow. 

J, GraptoUtoe priodon, Bnin. ; Silurian, Hiitnia. 

4. IHdymograpsuN Murcbiaoni, lieck ; L. Silurian, Walra. 

5. Diplograpsus folium, His. ; L. SUurian, Britain. 

6. RMtrites peregrinus, Barr ; J^uritm, Bobmnift. 

7. CoBiiilw jmiperiiiiu, ESchw. ; U. Sibuim, Dndlej. 

8. Ptilodictjft lanccolata, lionsd. ; U. Silurian, Tortwortli. 

9. Archimetlipora Archiniedoa, liOsiuT. : CarbonifercvSf Kentackj. 

10. Ptilopora pluma, M'C. ; Carboniferous, Ireland. 

11. FeBMtnllft nembrantceft, Ph.; Carhonijcrou*, Britain. 

These beds remind one of the mud bottoms in which the 
Virgularia and other long and h^leiider giuptolitic forms of 
" Pennatulidie'' liourish in forest-like crowds, llie jtrinicval 
Graptolite may have presentcnl a more generalized polype 
structnie than is now met with in the specially differentiated 
Sertularians and sea-pens. 

• " Graptolite* de Bobteie/* 8ro^ 1850. 
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Interesting from a like high uutiquity ai-e tlie impi-essioiis 
on the Cambrian slates of Wicklow, resembling specimens of 
the Seriularia arffentea, and which aie leferred to the polype- 
genus Oldhamia, One Bpeeies (fig. 3» %) presents an axis with 
radiating groups of bnmches diverging alternately at regular 
intervals from either Ride. The original flexibility of the 
t'^»m]>onnd oi-gaiiism is shewn by tlie confused and compressed 
Htat^i in whicii llie whole ni'diya in sometimes found, and from 
the more or less foMeil state of the little fans. Oldhamia 
may be bryozoal»'* but» if the interpretation of the parts 
springing from the axilB» as "oviferous capsules," be correct,* 
the genus is **hydrozoal." 



Class IL— ANTHOZOA. 

In this class of Polypes the tentacles are hollow, and, m 
inost* with pectinated maigins. The polypary is usually in- 
ternal, and forms the bodies more properly called * corals 
and ''madreporeft." 

(neat doubt attaches to some of the fossils rcfr-iixMl to this 
class of I'olypi. The t^rms "Gorgonia" and " Akyoniuju " 
have been applied to objects not well understood, and usually 
proving to be Brj/taoa and spongy. The Lower Silurian 
fossil called Pyriionma consists of a fasciculus of silicious 
fibres, and has been supposed to be rehited to the glass 
zoophyte {If i/akmema). The miocene deposits of Piedmont 
coniuiii a species of tlie Meditcnaiieau genus Corallium, an 
Anfijmthm^ and an Jsis (or y.w.wy/r', d'Orb.), whicli is also 
found in Malta. Tlie London clay contains one coral {Gra- 
phularia), referred to the Pennatulido', and two Qorgomdm 
(Moptiea and Websferia). This is the earliest authentic evi- 
dence of the family of existing Anthoxoa characterised liy a 

* Kiuabati, TraQn. of the R. Irish Acad., xxxiii. p. 547. 
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brsuiclMMl l uUaicuus hrm or HcxiMi; axis, uovt-ri'tl l»v a fli'sliv 
stibstaiK c strongthened l)y caicareouH Hpiculuv and serviiig to 
lodge the |M>lypes. 

Tliti lamellifeioufl or stony corals, in which the polypes 
withdrew into calcareous plaitinl cells on the surface of a 
calcareous inHexilile axig, are (next to the T^iaeea) the lai>,'esit 
and most iiajnutaTit class of iiiv(^rt<*1>iate fossils. Tlioy 
attained a j^it-at development iii the earliest seas, and were 
perhaps more widely diffnsed and indi\*idually ahnndant in 
the Silurian age than at any subsequent perioiL Beef- 
building'* corals are now confined to wami seas, and are 
wanting even on great tracts of tropical coast The OeuUna 
is the only large coral now found in the north. But in 
palao/oie times tin* n'prcsentatives of the modern AstraMs 
antl ('aryophyllias rxtt-ndetl as far nurihsvard as Airtic'' 
voyagers have penetratrd : and at a much later period they 
fonned r^efs of considerable thickness and extent in the area 
of the coralline oolite. The Silurian limestone of Wenlock Edge 
is itself a coral-reef thirty miles in length ; and the Plymouth 
limestone and c4irboniferou» limestone have frequently the 
asjieet of coml-l>anks skiiting the older regi(»ns of ('aniltn.iu 
inlale and Devonian " killas." Tlie strnetnre of eoral-l>anks 
may be studied in the lofty limestone cliifs of Cheddar, ami 
in tile wave-worn shores of Lough Kme,as well as in the coral 
islands of the southern seas upheaved hy earthquakes of the 
last century. Tn the fields aliout Steeplc-Ashton, every stone 
tumefl np by the plon^di is a coral: and our inland quarries 
andt iialk ])its afford to tlir pahiiuitolo^^ist mateiials for the 
study of a class almusi wholly wanting: on the ]ues(»nt sea- 
shores of Kuropt^ Tlu' history of the Biitish ftisail comls, as 
given by Milne Edwards and Haimc in the ** AFonngraiilis of 
the ralaK>ntographical Society,*" exliibits, equally with that of 
the fossil shells by other authoi's^ a transition from a state 
very different from that which now subsists in our part of 
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the world, ami a gradual uj'inuximation to the prcscfiit order 

of thinj^s. 

Ill the pahTozoic .stratti the corals Wloiifj chiofl}' to two 
t'xtinct onU rs : those of thf s(»comlary period more resemble 
living coralfi of warmer olimates than ours; and the few 
tertiary genera and species resemble those of Southern 
Europe and our own coast 

One large gixnip {CyothophylUda) of palteozoic corals 
presents a quadrijiiiitite chnnit trr of the phiitid cups or 
stars ; wliereas the hiiiielhe <»f the jM»lype-celIs of later and 
inoileni families of Anthozoa are developed iu multiples 
of 0. A remarkable exception, however, exists in the 
Ifoloeifgiis (fig. 5, t), an Astrearlike coral with quadripartite 
stars, which is found in the lower greensand. The old-rock 
corals are also remarkable for the manner in which they are 
partitioned of!' hy horizontal "tabula'" (fi<(. 4, 3), like the septa 
of the Xindiiii.'i ami S]xt7ufi/lus. Tliis eliaRicter obtains not 
only in the VyaUivj^hyllUla:^ but also iu the MiUcj orif^rr . Favo- 
sUitiUr, and other palaeozoic families. Of the 129 Silurian 
corals, 121 lielong to the tabuhited divisions. 

The Devonian system contains about 150 descrilied corals, 
the carboniferous limestone 7^ and the magncsian limestone 
uuly 5 or (!. Tlic commonest t<»iin> ol siiiijile, turbinated 
<*r»rals» an? Cy ithopliyllHm [\\^. \, 2 and 3), whieh exhibits four 
flight /osmlff in its cujs and is often suppoittnl by i\iot-like 
processes. In Zaphirntis (fi*,'. 4, s), there is but one deep 
fossula. Amplexus (lig. 4, 1) is a characteristic carboniferous 
fossil, nearly cylindrical, and often so strait and regular in 
it^ growth as to have been originally described as a chambered 
shell. Tlic ra<liating s<'pta are very slight, and the horizontal 
pHititioii-, .siii)j»I«% Hat, and alino-t a.s regular as the septa of 
the OriluMxroi, Iu iliQ ^ihiiuni CyMiphyih/m (fig. 4,4) the 
lamellffi are also evanescent : but the tabula: jire represented 
by numerous vesicular plates. The corals of these genera are 
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not always solitat-y, or meivly iu |^n-ou]>s: some species of 

Cy(tth(yphyJlii III constiintly f(jriii t(tiii]M»uii»i massos, with cnps 
iX'n(l«*ro(l polygonal liy cnntart, like rrf/iu/a ol' thu l>ristol 
limestone. The allied genus ^ccmf/arirt (lig. 4, 8) ivseiubles 
an Aatraa, and exhibits* in a remarkable manner, the multi- 
plication of its ooraUites by calicular gemmation. The genns 




Pig. 4. 

Mameie Corolt (Antkotca). 

I. AmplexuB S<jTvcrbyi, I'h. ; (.'arbouiferout, Irclaiul. 

X. Cyatbophyllum turbinatnm, IJn. ; U. Silvrian^ Wenlock. 

}. CysfhopbyltiUD mlitiirbioatain (section) ; U, SUtuian, Wenlock. 

4. CyBtiphyllnm Siluricnsc. I.oiifiil. : U. SiUirtnn, Wenlock. 

^. ZaphrentiH Phillipsi, M. Ktlw. ; < 'arlxmifcroti.*, Somerset. 

6. Litbodendron irregulare, I'h. ; Carboniferous, Kurojio. 

7. Lithoitrotion strifttan, Flem. ; Oarioniferoua, Europe. 

8. Acervulari.i luxarians. Eidi. ; U. Silurian, Europe. 

9. Hflidlilos intorslinrta, Wnhl. ; V. Sibirinn. Europe. 

10. Syringopora raniulosa, (ioldf. ; Carboniferous, Europe. 

11. Halysites catenuIatuH, L. ; Silurian, Iv'ortbem Reginnn. 
11. FaTomtea Qothlwictica, Lam. ; SUuriant North. 

Litliosfrotimi {fig. 1,7) of the carl oniferoiis limestone is also 
compact and astneifonn, l)Ut the new corallites are produced 
by lateral gemmation. Corals, with the same structure, but 
not compact* are known by the name LUkodendron (fig. 4, 6). 
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The "chaia-coral'' UalysUes (fig. 4, u) and Syringopora (lig. 

4, lo) resemble^ at first sigH the recent asteioid TubipmdiB : 
in HalysiUs the ladiatiiig septa arc quit« mdimentaiy ; and 
in Syringcpora the tabnise are fdnnel-ehapcd, forming a central 

axis to oach tul>e. The Favodlidir (fig. n) are mostly v(»rv 
i-egular \mA\\ m to tlieir polygonal shape and transvei'se taliulu' ; 
the cells of acyacent corallites are connected by pores, either 
in the sides or angles of the walls; the septa are mdimentaiy. 
In the genns duetetes the tubes are always slender, and much 
elongated, and their walls imperforate* MuMinia resembles 
the firuit of the Keluinhium ; it has vesicular tabuUe and 
root-like processes to its ba5»il plate. Heliolitcs (fig. 4, 9), of 
wliich many species are found in the Silnrian and Devonian 
limestones, is related to the recent MilUpm o'. The radiating 
septa are distinct, and the tabulie regular; the interspaces 
between the stars are filled up with fine and regular tubes. 
One genus of Fv/ngiSm {PtUtPoetfclus) oeouts in the Upper 
Silnrian. 

ihi British secondary corals are not very mtmcions ; for 
iiltliongli sjH'<.iiiU'ns ahoimd in tlic roral-ra_Li districts, only 
fourteen species are found in tliat fonnation. Altogether, 
sixty-five species are found in the English oolites, and t^ enty- 
two in the chalk and greensands. These are mostly AttrcBtdw, 
or related to Fwngia, Three common forms in the oolites are 
ManUivaUia (tig. 5, 9}, Sfylina (fig. 5, 10) and Theeosmilia (fig. 

5, 11). The English cretaceons strata afford the Holocf/siis 
(fig. 5,8), wiiich is the most recent c^>ral wiili <(uadriiiarti(e 
septa of the polyi)e-cell ( 8 ) ; Trochocyathm and Parasm ilia 
(fig. 5, 6), resembling the recent Cyaihina ; and the little 
" Fungia" oorowuta (fig. 5, 3), described in two genera {Mieror 
hacia and StqilhanophylHa) of distinct orders in the ''Mono- 
graphs of the Palseontographical Society." The lower chalk 
of France and Gennany contains many other corals, especially 
CycloliUs (fig. 5, s}) Pachygyra (fig. 5, 7), and Diijludmium 
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(fig. 5,1). T\\ii A^idiicun (fig. 5,4), was Hent by Dr. Shaw 
from Algeria. 

The Eiijilish eocene strata contain twenty-five corals, all 
extinct, and lK'l«»n;iinu' to fiftrcn «irnt'ra. These incliule an 
vl.s^/y/v/ (LHJiiutni WibMcri), which grows on the wutei^wom 
Hint ])ebliles ; a Balanojyhyllui, similar to tlie existing coral; 
a Dendrophylliay which is the oldest member of the genus; an 




Seeondaijf and Tcrliarj/ CoraU {Autkozoa). 

I. Tnrbinolia Hulcata, I^m. ; Jf. Eneene, Europe. 

2 Piiilortrnitim Itiiiatum, Ring.: Chalk, Fraiicv. 

3 Micrabaciii ii.nfiiulu, (toMf. ; L'. Greemand, Hiin>)M- 

4. Aspiilincu** crihiatnH, I^am. ; Cretaceous {V), Algt-ria. 

5. Cjrcloliten elHptica, Lam. ; L. Chtdk, Frmee. 

6 Pnrasmilia centralis, Mnnt ; C Chalh, Kngland. 

7 Pachvfryni laltyrinthirn, Mich ; L. Chalk, Franct'. 

8. liuloc^'bliu flegaiis, Loiisd. ; L. (Ireentaml, Isle of Wight, 

9. MontHvaltia cai^ oph} Uata, I^m. ; Great Oolite, Fran«e. 

10. SlyHna De la Beebei, M. Edw. ; Oor^iau, Wilt*. 

1 1. TheoocmOia anmilariB, Flem. ; Civralljaii, Wilta. 

Oculina; and eight species of the genus Tnrbinolia (fig. 5, i). 
The corals of the English pliocene are -mostly Hryozoa ; only 
four true corals have been found in the coralline crop bch aid- 
ing to the genera tSjj/u^notrochus^ Flahdlum^ Crtfjituuijiaf uud 
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Balanoph^UiOf all reputed extinct^ although the iirst is very 
closely related to the livmg Sphenotroehus Maeandrem. 

The total number of fossil corals enumetated by M. 

d'Orbigny in the Prodrome de Paleontolugie," amounts t^o 
1 135, grouped under 210 ;_'riipra. But notwitlistaudiug all the 
labour whicli has been bestowed on tlii^ Ihuik Ii of paheonto- 
logy by Uoldliis, Miehelin, Loiisdale* and Milm Kdwaitia, 
species are continually discovered or brought home from 
abroad which are altogether new, and cannot be placed in any 
of the constituted genera. 

Clais* UL— BRYOZOA. 

Char* — ^Tentacles of the polype hollow, with ciliated matghis ; 

ah'mentary eanal with stomach, intestine, and anus: 
pol} pary, when present, external, liomy, antl calcareous. 

The metamorphoses which the Bryozoa undei^ are like 
those of the lower Pdypi; the embryo developed from the 

ovum is an oval, discoid, or subdepix'ssed V>ody, witli a general 
or partial ciliated suit'aic. by which it enjoys u briel locomo- 
tive life alter its liberation Irom the paivnt. The Bnjozoa are 
allied to the compound Aseidia; but not one of the ascidian 
Mollnsooids quits the ovum as a gemmule swimming by 
means of cilia; and no Bryozoon quits the ovum in the guise 
of a Cercarian or tadpole, to swim abroad by the alternate 
inflexions of a caudal up|>endage. In a progressive and con- 
tinuous siiies of teachings, by pen or word ot inoutli, tite 
place of an oscidaut or transitional group is governed by 
convenience^ by considerations uf h*<\v liest to teach by 
comparison and easy gradation; and the Bryozoa, whether 
regarded as the highest oiganized fiadiates* or as the lowest 
organized MoUusks, are treated of accordingly, in the position 
here assigned to them. The practical pahcnntologist Hnds him- 
self C(.tmpeUed, indeed, to arrange and siudy the fossil Hri/oxoa 
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along witli tlie eumls, if only on account of the ditticulty he, 
in many cii^»es, cxjx-i iciices of detemiiuing to which chiys 
of Polyi»i his specimens belong. M. d'Orbiguy, wko has 
devoted much attention to this class, assigns more importance 
to the form than to the grouping of the cells* These are 
marked by " pores'* and pit8»" the variation of which helps in 
many instances to the appreciation of minor natural groups ; 
but tlie niemhei-s of such groups differ greatly in the 
geneml form uf ihc pul\ jciiy, which may be an encmsting 
sheet, or Tiiny rise ill plates or in branching stemts. The 
number of extinct species must be greats since the Bryozoa of 
the chalk, which alone have been carefully examined, amount 
to 213 ; wlitle only two species are known from the trias, none 
at all from the lias, and only five from the upper oolites, so 
rich in corals and sponges. In the **Cours Eldmentaire* of 
d'Orliiyiiy the fossil liiyuzoa are stated to amount to 1670, 
dibtributed in 85 genera. 

Of the 19 or 20 iiuheozoic genera, none extend into the 
secondary strata; but of the 18 oolitic genera, Etitalophora 
and Defranda range onwards to the tertiaries; and Aleda, 
Idmonea, and Eschara still survive. The oldest known fossU, 
Oldhamia (tig. 3, 2), has been supposed to be a Biyozoon. as has 
been likewise the Graptolites (fig. 3, 3). The most t i>iiimun 
pala uviuic form is FemMrclla (fig. 3, 11 ), rcsi milling the recent 
** lace-coral" : there are 35 species, ranging ironi tlie Ix)wer 
Silurian to the Permian. One of its modiiications resembles 
a feather iPtUopom, fig. 3, 10), and is found in the carbonifer- 
ous limestone. Another, more remarkable, has a spiral axis 
{ArMmedipora, fig. 3, 9), and occurs in the same formation in 
Kentucky. One of the oldest genera is PiihMlictya (lig. 8), 
of which seven species aro found in the T.<)Wer Silurian fonna- 
tiou8. The dabs of biiuiiau limestone i>btained at Dudley ai-e 
covered with mynads of small and delicate fossils, including 
many Bn/nzoa, Some of these ai'e spread like a film over 
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other Inssils, and liaM- Immh tluublluliy i-eferred to the niDdcrn 
geiiem Uiscujxym and Bcrmkm ; otliei-s, with slender brancliOi-!, 
and erect or creeping, are called MiIlepoi"as, Heteroporas, and 
fischarinaa. The genus CoBniies (fig. 3,7)» perhaps belongs 
here. The magnesian limestone contains several laige ''lace- 
corals" of the genera Feiu8irdla,8yno^adia, and Phyllophora; 
and two branchin*,' si)eeie8 of Thamnisem and A canthocladia. 
The (Militcs allord many small iiiciubling apuciuii related to 
Jjutstojiora, and branching lurms like Tcrebellaria and 
Chry^oora. In the chalk, thy Escfiaras are most numerous, 
and LumUiies and Capularia fi»t appear. Some thin beds 
of the lower chalk are almost composed of Bryotoa^ mingled 
with Foraminifera. The ooraliue crag of Suffolk takes its 
name from the givat abundance of Bnjozoa it contains, among 
w hich Escharay Cellejjora, Fasckula i ia, Thwnoa, Ho/ nera, 
lU/HuitcUy Flustroy and TubulijMjra are the most important 



Class IV.-~ECHIN0D£RMATA. 

(Siar'FUhe^t Sea'Urckim.) 

(J/tar. — Marine; commonly free, repent animals, with the 
integument in most perforated by erectile tubular ten- 
tacles, hardened by a reticulate deposit of calcareous 
salts, and in many armed with spines. 

The fossil Kadiata ]»reaent a mine of comparatively uuex* 
liausted riches to th« l aheontologist. More difficult of study 

than shells, and less nniforndy present in all --tnita, the 
enduring remains e)l echiu»jdeims and coials arc uiisuipa^^sed 
in beauty of form ami structure, and in tJie value of the evi- 
dence they afford. 

The present sumniaiT of the oxtinct forms of Echincdei"- 
moUl will commence with 
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Onler 1. — Crinoidka. 

Char, — Body with ramified rays, ttapported temporarily or 
permanently on a jointed calcaieous stem; aHmentary 
canal, with mouth and vent» both» as in Bryosoa, 

appruxijuated 

The ** stone-lUibtf," or crinoid star-fishes, formed a nume- 
rous and iiupoitaiit j^i-ouj) in tin; puhi'ozoic was, whero they 
til.taiiiril thrir luaxiuiniii iiuiiilM r ami variety. M. iV( )rbiirnv 
dt?s(;rilK*s tliirty-ouu pahinzoic jitni- i i, two tria^sic, ten uolitic, 
and lour cretaceous— of which latter tliree {Pciiiacrimcs, Bour- 
gudierinm and GonuUula) are found in the tertiaries and mo- 
dern seas. The Critwidea differ from the other echinoderms 
in having the p;enerative orpms combined with the arms, and 
opriiiii- iiit'i ^]»ecial orifices uear their base. Nearly all the 
geiieni, except Ctmiatula and .)/"/ ^f/ /A'.s ftig. C, 9), :i]'p«':u to 
have btiuu attached either by the expanded bavse of the column, 
as in Apiocrinm, or by jointed processes, as in Bmirffueticrinus. 
In many iustanoes the lower part of the column throws out 
innumeiuble root-like side-anna» which strengthen and support 
it The column is comparatively short in Apiocrinus Parkin^ 
Roni, and extremely elongated in Pcniaennm Hirmci i. It is 
rouuil in maily all the p ilaozoic Criii(»i«ls : and when live- 
bided, the articular surfaces of the JtHuts ai-e sinq)ly radiated, 
as in tlie n*st. These joints aix' ]ierfnral<'d in the centre, and, 
when detached, are the 8t Cuthbert's beads" of story (fig. 
6, 5).* In Pkttycrinm the stem is compressed, and the arti- 
cular surfaces arc elh'ptical. In the •^'eiius Pentacnnust which 
commences in the lias, the sculpt uriiij^ of the articulations is 
more complex (tig. (i, 8), but it is quite siuiple in the other 

* (TavIr, in cbeit, of the canal which pnuiaes down the crinoidtil ciilttDiii «rv 
eaUe«l " screw stoocit ; " mid those litueetnnot which abound in columns «nd 
itetatcbed joints are called entnwliai inarbleH." 
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modem genera. The body of the Crinoid is composed of poly- 
gonal pUiies fonning a cup, which is covered by a canopy of 
smaller plates. The month is often probosoidifonn ; the anal 

orifice is near it. 'flie five arms which cmwii tlic cup are 
8<jnietiinosi nearly siinjiks l)ut featliered witli slciuK r, jointvtl 
fingers ; in oDier genera tliey divide again and again, dichoto- 
mously; and in two remarkable Silurian fonoB, AnihocrinuB 




Fig. 6. 

Crinoidea : liUuloiden ; Vystmdea. 



I. f^phftTonites anratitiiini, W.ilil. ; />. Silurian, Swcilcii. 
z. i'lteudocriuutf bifaitciatua, i'earco ; U. Silurutn, Uudlt'} . 

3. FemtraoiitM BomJi; 8*7; CMom/eraw, Ohb. 

4. Crotdocrinas ragoBUs, Mill. ; T'. SUurian, Dudlej. 

V Potoriocrimih joint of culiiinn'' ; Carboniferous, Yorkshire. 

6. Eiicrinus etili'H lia ; L. Mufclielkall:, Cn rmany. 

7. Apiocriuutt rurkiuiioui, Mill.; Bradford Clay, 
t. Peotaerisiu baMltilbnnis, Mill. ; Lioit I^jme. 
9. Umopites onatat, Hill. ; Chtdk, Snwex. 

and Crofnlocrinus (fig. G, 4), those snhdi visions are exti'oniely 
imnieruus, and the sueot'ssivc ussicles are articulatc'd to t ach 
other laterally, fonning web-like expansions, similar in ai»}K'ar- 
ance to tlie coml Fenestrella (tig. 3, n). Other remarkable 
Silurian Crinoids belong to the genera GlyptocrinuB Euealfffh 
ioermui, Geoenum (the Dudley Encrinite") and Ca/ryoerinm, 
Several are common to the Silurian and Devonian, as Me- 
locrinvs, Cyathoerinus, and lUtodoerinm; the two last^ and 

D 
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Pctcrioennvs, extend into the carboniferous formations. Cu- 

2)rcssocrinns and some others are peculiarl} Devonian ; Platy- 
rrm MA, common to Pcvoniaii aii<l ( oal formatiuii.s ; and many 
genera (includinj^ the *'nave Eociiiiitc" — Adiiwcrinm, Gil- 
herUocrinus, and Woodocrinvs^, are proper to the c^urboniferous 
limestone. The famous ''liiy Enorinite'' {Enerima mtroeha, 
Hq, 6, 6) is characteristic of the middle trias, or "muschel- 
kalk;" the "dove Encrinite" (Eu^miacnnus, fig. 7, 9) aboimds 
in the upper oolites of Germany; ApiocHnuSy Millericrinm^ 
and several roiins rehitcd l^j Cmmiula — c.ff., PhrocouKi and 
Saccosoma — are also peeuharly oolitic. The ** tortoise Encri- 
uite" {Marmpite.% tig. C, 9\ is fouTul onlj in the chalk, along 
with Bourguettcnntta (fig. 7> >o) ; and the bodies of CcTnatfda:, 
which^ when they have lost their arms and daspeis, ate 
called '^Glenotremites.*' (Fig. 7, 7> — upper surface with sockets 
of the five arms ; 8, — ^nnder surface^ shewing articulations of 
• claspers, and the scar of tlie lars al st<jm.) 

Order 2. — Cvstoidea. 

This order was established by Yon Buch for a small group 
of palaeozoic echinodeims formerly included with the Ormoideee. 
They have a globular body covered with clos^fitting polygonal 
plates> and supported, as a rule» on a simple jointed stem. 

Opposite its attachment is the mouth, which is minute : close to 
it is a small opi'iiiuL,' like a «jenerative i>oiv; and a little more 
distant a larger oriiice, cuvei ed hy a pymmidof live or six little 
valves. Some of the genei-a, like Pseudoerinvs (fig. 6, 2), have 
two or four tentaculifeious anns» bent down over the body and 
lodged in grooves, to which they are ancbylosed. Others, 
like the SpharoniUs (Rg. C, i), have obscure indications of 
tentacles situated close to the mouth. Tn Pseitdccrimm and 
some other genera two or three pairs of lamellated organs, 
called "pectinated rhouilts,' ai"<3 placed on the coutip^uous 
margins of certain body-plates. They ai-e supposed not to 
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penetrate the interior, and n*> otUce has been c* inject ui-ally 
assigned to them; but EiIwhkI l-orbes suggested that they 
might vepieseBt the "epaulettes" of the lamtl Eckmidee^ to 
which group he aupposed the Oysfcidean bore the same relation 
as the Crinoids hold to the star-fishes. Some Sj^wrmiies of 
the Bala beds seem to have become freed from their stems, 
and may have enjoyed a feeble lofumotion ; the two grucni, 
Agelacrimis and Hcmicystites^ liitlit rto found !«teiuless iunl 
sessile on foreign ]K)dies, are chietly from the .Silnrian beds 
of America. Of the known genera» of Cystaidea^ eight are 
found In British strata — four in the upper and four in the 
lower Silurian. 

Order 3. — Blastoioba. 

A separate order has been proposed for anotiier small 
group of palfeozoic fossils typified by Pentremifes (fig. G, 3). 
The body is globular or elliptical, composed of solid poly- 
gonal plates, and supported on a small, jointed stalk, with 
radiated articular auifaees and irregular sitle-arms. The 
minute oral orifice is at the summit surrounded by five other 
openings, four of which are double and ovarian, the fiftli rather 
lai"ger and anal. There arc five petaloid ambulacra of variable 
length, converging to the mouth, furrowed down the centre, 
and striated across. According to the observations of Dr. 
Ferdinand Boemer, these supported numerous slender^ jointed 
tentacula, indicated by Hie rows of marginal pores* One 
species is found in the upper Silurian, six in the Devonian, 
and twentj'-four in the Carboniferous, which has received the 
name of "peutremite linicstoTic " in the United States, on 
account of the abundance of these fossils in it. 

As the star-fishes progress with their mouth downward^ 
the side of the body on which it opens is called the " ventroV 
the opposite side the ''dorsal* surface ; and the same terms 
are applicable to the homologous surfaces of the radiated disc 
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globular \}ody which is sustained by the stem of the 
crinoidf cystoid, aud blastoid Echinodenns. 

After the microficopic oiganums aud the polypes, these 
extinct pedunculated orders have taken the lai^t share in 
inodif}ing the composition of the earth's crust; they may be 
mid to constitute some of the limestones of the SOurian and 
( .'arbuiiitl'ruu.s pi-ntxls. 

Tlie chief chamctt i islie^ uJ the pahuuzoic diuoidea aR% 
tliat the artieuhitiuiis %\]n( h connect the columnar segments 
radiate by simple stiia; diveiging irom the centiul axis» and 
that the dorsal portion of the disc is equal with^ or laiiger 
than, the ventral portion. 

Tlie palaeozoic types aie succeeded by forms in which the 
vcntnil iMJiiiun is genemlly sujmior in siz<' to the dorsal, 
which « m»« only a< a bjvse for the su]i])ort of the wide- 
si »reading mys, while, with two exceptions {A irktcrinus and 
thuithoci inm\ the columnar joints nre secured by creniilated 
florifonu ridges on the facets of the joints. The crinoid type 
continued to be richly represented to the time of the depo- 
sition of the lias ; since which it has dwindled down to a 
Holitflry l^ciUai'rinm tmd a few other criuoids, having little 
resemblance to the ancient forms. 

In tracing the progression of affinities through this class, 
we may pass from the living Comatuhi in two dii'ectious, 
forwards through a suocessicm of beautifully graduated forms 
to the Eehinm and worm-like Holothurioids, and backwards 
to the Marsupifes, and polype-like Grinoids. But the series 
is made more complete by the extinct species. The Spha^ro- 
nitc, in which crinoidal uinis have been observed,* ami thi; 
Echi nut i/st lies, Wy. T.f supply luost intei-esting additional evi- 
dence of the traiibitiou from the Criiioids and Cystoids to the 
true urchins. 

* By Pirofeuor WyvHk Thomson, "Ed. HitK Jonro ." t. xiii. 
f lb., plates 8 tuid 4. 
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Ordesr 4. — Astbroidea. 

{iytiH-atars, Brittle JStars.) 

Char, — ^Bodj free, ndiate ; int^rument haidened by oalcaie- 
008 piecefl^ and more or less armed vith spines; no 
dental apparatna. 

AsUriadee and Ophiuridw, — Fossil star-fishes, tliough less 
common, have a wider range than their allies the fossil urchins, 
being found amongst the earliest oiganic forms. Palmuter, 




Fig. 7. 

Uultritidat ; Atteriudte ; Crinoidea. 

I. Pygantcr semiHulcatuii, Ph. ; Inf. Oo/Z/t, ( "licltenham. 
a. Ananchvtcs ovatiiH, I.Jini. ; U. Chnli:, Kiin>j>e. 

3. Galeritcs tilbogaierus, Lou. ; U. C/taUc, Kent. 

4. Scatell* mibrotands ; Miocene^ MalU. 

5. liCpidaMtiT Grrtvi, KorWn ; I'. Silurian, Dudley. 

6. Protaster .Mih"iii, Sailer; /.. I.uilhnc rml- Salop. 

7. Coroatula (UlenotromiteH), upper Huriace ol body. 

8. Conutnl* (lower sorface) ; Chalky Sonex. 

9. EofBoiMruiiitqiiinqiiedaclylaB, ScU.; (%|^ibrdifam, Wnttenletg. 
la Booigoetlcrbiu dUptieiu, MilL ; Cftott, Kent. 

ProtafUiir (tig. 7, 6), and Lfjndnafcr (fiL,'. 7, 5}, are Silm iaii ^star- 
fishes, presenting many aiionialies* and scarcely rdci'uhle to 
any existing families. The living starfish (Ophhromn) which 
is most like Prataster, has been diedg«Ml up alive from a 
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depth of two miles below the surface iii tbe North Atlantic 

Trojndasttr, Pleurastcr, Asjnduray OjMureUa, and Amphiura 
nvc oolitic genera; 0]i?iio(knna, Luidia, Athnpccien range 
li-om the lias to the present seas ; Slcllmkr and Arthraata- 
are peculiar to the cretaceous ; and Ophiura, Ophiocomaj 
Astroffonivm, Oreaster, aud Goniodiscus ate both cietaceous 
and livuig. 

Ordvr 6. — ^KcHiNOiDSA. 
(Sea-urchim.) 

Char. — Iknly free, spheroid or discoid, incased in a cnist of 
iiitlcxibly-juinLcd culcuic(Mhs plates, and uimed Mith 
spines; moiitli Vielow, with a complex dental system, 
usually anaoged, so as to resemble a ^lantern.'' 

The Eehdnaidea appear first in the Lower Ludlow limestone 
and attain their maximum in the cretaceous strata. The 

princii»al slu ll-plates are arranged in longitudinal series, five 
of jverforatcd or **anibnlacml " (fig. 8, 8, rt) alternating until 
live of "intd^ambuhu l al ' plates (ib. »). In all secondaiy 
and more moilern Kchinidx, each series includes a double row 
of plates, which are pentagonal : but in tbe Silurian PaUeBo- 
dUeus and Echinoc^ik^, the inter-ambulacral plates are of leas 
definite shape, and are crowded irregularly, so that from eight 
to ten may extend transvei-sely between the wider intervals 
oi the aniliuhu la ; and this low vegetative repetition of |)art.s 
is contnuied in the Pcri^hodomm nnd Palcrchimts (fig. 8, i) 
of the carboniferous limestone, wheixi there are fiv mv six 
rows of plates in the intei^^mbulacral arete. Only detached 
plates of the equally ancient Areh^eoeidarit have been seen, 
and the inter-ambulacral ones (fig. 8, 2), by their six-sided 
form, seem also to have been arranged in more than two rows. 
Normal Eihinida% of the existing ge^^l^5 Caliu'i.% abound in 
the upper trias. Some of the secondary species of Cidaris 
have the ambulacral pores widely separated {^^BJ^hdocir 
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(Utris)] in otherb the ruwa ol" pores are doubled (=Jh'jJi>( i- 
daris). The genus Hemicidaris (fig. 8,4), distinguishiid by 
the laige spine-bearing tubercles on the lower part of the 
ambulacra, ranges from the trias to the chalk-marL DiadeiMB, 
with smooth, solid spines (s^Hemidiadema), appear in the 
lias, and continue to the chalk, where the modem type, with 
aiuuilatcil, liollnw sjiiiit s, anjM ais, Kdinujj>-<i% iimst coMiiiion 
in tlie clijilk uii«l older tertiari<*s, also oceurn in tln' lias. 
AcrosnJ, iiix, a genus characteristic of the oolites, is distin- 
guished from Salenia by its perforated tubeK-les. AerocitUiris, 
Heliocidans, and several other sub-genera of Echinus, are also 
peculiar to the oolites. OlypHeus, chiefly there represented. 




Fig. 8. 



1. I'lilnxhitui!* sjiha ricus, Scouler ; CarlM'uifermi*. Ireland, 
a. Archa-oc'iduris L'rii, Fleiu. ; Carboniferous, Ircluiiil. 
}. Cidaru gtuidifen, Goldf. (q»tne) ; /iiro, Moont OMrmel. 

4. Hemicidaris intonnedM, Flcm. ; OonvBian, Calne. 

5. Saleniii pctalifera, Dcsm. ; ^' drectitand, WilU. 

6. l>i8aHtcr ringeoH, Ag. ; Inferior Oolite, Dor(*et. 

7. HemipDeuBtes Greenovii, Forbes ; U. Oreen»and, Blackdown. 
t. CaAo^gw ouinatOB, Qddf. ; U. Orteuand, Wilte. 

has uiie species in the chalk of Ci})ly. Sidcnia (tig. 8, j), 
with its ornamental disk, is characteristically cretaceous. 
Arbaeia and Temnoplcurus appear first in the eocene. Tlie 
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CamiM^ commence in the ooUtefl» with Py^uUr (fig. 7> 0 
and Holedypus, and abound in the cretaceous system. OaU' 

Hies (fig. 7, 3), Dismdea, Pyrinc^ and Camdulus are pecu- 
liai' to the chalk. Tlio ClijiKadHdcr ait; represented in the 
oulitcb hy num« i<)U.> u s of EchimUtnnnis and Nmkolitcs 
(or Clyp' f'-'y '» latter ^euus attains a large size. Tlie sulv 
gcniis C(Uopyffus (fig. 8, 8) is |»eculiar to the cretaceous series. 
Conoelyipeus occuis in the chalk and terdaries. ClypeaUer 
flourished most in the miocene age ; many large species are 
found in the south of Europe, Madeira, and the West Indies. 
Numerous genera, remarkable for their flattened fonn, and 
popularly known as " cake-ureliiiis,'' are |x»culiar to the ter^ 
tiaries and existing seas. Lenitu and ScukUum are e<xiene ; 
ScuUlla (fig. 7, 4) is miocene. MeHita and EchinuraciLnius 
are both fossil and recent. The heart-shaped urchins {^paUm- 
gidas), are only remotely represented in the oolites by Disatier 
(fig. 8y 6) ; they are numerous in the chalk, to which MicrasUr^ 
Epiasier, Hemipneustes (fig. 8, 7), Arehttieiay HolasUr, and 
Aiuindiytcs (fig. 7, *), are peculiar. Tomsta- is chamcterLstic 
of the lower iicnLOinian. Ilimiadir is cittucuuiis and tertiary. 
Spatamjm, EuimtcuptSy Jiinssus, Aiiq^hidolus, and Sciiizader are 
tertiary and recent forais. 

The shell of the Ediinodermaia has the same intimate 
stmctuie in all the orders and families^ and in eveiy part of 
the skeleton* whether ''test^" or '^spine^" or tooth." The 
smallest plates resemble bits of x)erforated card-board, and the 
lai-gest and most solid are fonned ol n itpilitiun of similar 
lamina?. Tn a fi '^\ iiiciiibranous structures, minute .spicuhi, 
curved, bi-hamaie, or anchor-shaped, are met with. They are 
always composed of carbonate of lime; but owing to their 
porosity, fossil examples are commonly impregnated with 
earth, or pyrites, or silica, and form bad subjects for micro- 
scopic investigation. Without, however, losing their oiganic 
structure, the fossil Echiiiodenus exhibit a cleavage like that 
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of calcai-eous spar, by which the smallest ossicle of star-fish or 
Crmoid iiiav be rt'coj^uiseil: this jK-cnliaiity is mu8t strikingly 
ol)vious in the gi'eat spines of the Cidaris (fig. 8, 3), or the 
enlarged column of the ** pear Encrinite" (fig. 6, 7). Examples 
of the latter may be seen which had been crashed when 
recent^ and before the spanj stmetnre was superinduced. 

Order 6.— Holothoiuoidba. 

{Sea'Cucumherg, Trepang,) 

Char. — Body vermiform; integument flexible^ with scattered 

reticulate calcareous corpuscles, or beset with siuaii 
auchor-^haped spicula. 

The Holothurioid order presents scarcely any examples 
likely to be met with in a fossil state^ except the genus Psolus, 

of whose imbricated shield a fragment has l^een found by Mr. 
liichmond in the uorthoni dril't of liute. Count Mimsicr has 
figured tht' uiicroscoj-ic plates, apparently of a Holoihnna, 
from the chalk of Warminster ; and the anchor of a Syiutpia 
from a still older formation, — the upper oolite of Bavaria.* 
Microscopic observers will doubtless meet with many such 
detached plates and spines when searching for Polycystinefle 
and other Khiasopods in the oolitic and cretaceous strata ; but 
it is scarcely probable that the order ha^ dated far back in 
time. 

rfiOViNCE XL— AKTICULATA. 

In the great division of invertebrate ^nin^alA called Arti- 
eulatOf the brain is in the form of a ring encircling the fillet 

A double ganglion above the tnl>e supplies the chief orj^ans of 
sense. Fi-uiu the ganglion below the tube twn cluirds extend 
along the ventral surface of the abdomen which are in most 
species united at certain distances by double ganglions ; with 

• Beitnige, hefl 6, 1843. 
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these arc coiiiRLled the nei\ i s supplyiug the l)<>dy segmeuts 
and their ai>i>eudages. Tlie body presents a coiresponding 
symmetrical form. The skeleton is external, and consists of 
articulated segments of a more or less annular form. The 
articulated limbs, in the species possessing them, have a like 
condition of the hard parts, in the form of a sheath which 
incloses the muscles. The jaws, when present^ are lateral, and 
muve lium side to bide. 

Tlie worm, tlie lobster, the scorpion, and the beetle, 
exemplify this province. 

The articulate division of the animal kingdom, most 
universslly distributed and numerically abundant at the 
present day, is least perfectly represented amongst the relics 
of the former world. Their chitiuous int^ments, often 
hardened with euitl)\' .salts, are as capable of preservation as 
the shells of the Mofln^cay and ruiimins of them are met m itli in 
all aqueous de[K>sits ; but that manifold, complex oi-ganizatiou, 
which in the recent state fits them so admirably for generic 
and specific comparisons, is fatal to their entire preserva- 
tion, and the fossil examples are often so fragmentary as to 
admit of little more than the determination of their class 
and fiEimily. 

The most ancient I'oissiliferous rocks bear ini|.ritits which 
have been re^'arded as the tracks and bun-ows of raaiine 
worm^i. With these are found Crustacea of the lowest 
division, and of a group which is wholly extinct A little 
later appear the PhyUopods» Ck^pepods, and other existing 
orders of EfUonmtrOiOiL, Ooly a lew obscure forms, doubtfully 
referred to the higher division, Mtdaeostraea, have been found 
ill tlie carboiiitciuus and rernuan systems. The secoudaiy 
strata contain abundant remains of Isojiods, and of loV)stcrs 
and hermit-crabs. Tme crabs {Brachyiwa), rare in the newer 
secondary rocks, abound in the oldest t ei-tiaries. Aii^- breathing 
insects and Aiachnida existed even in the palaeozoic age; the 
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sombre shades^ of the carboniferous forests were not^im- 
cheered by the hum of insects nor were the insects blind. 
Like those which now inliahii tlu' vast civemsi of Kentucky 
and Camiola. The Aitimihitu wliieli i(»iiie latest are the Cir- 
ri] >odc:^, whose lowest family a]»pears in the lias; while the 
Balanidas are only found in the tertiaries. 

The number of fossil w^rticulata catalogued and described 
forms but a very snuill proportion of those which have pro- 
bably existed. Bronn enumerates 1551 fossil insects: 131 
arachnids, 894 crustaceans, and 292 aiiellides. Baiwiu de- 
iHiribcs GO fossil Ciiiipedes, 12 of which are living species. 

Class L— AimJLATA. 
{W<mM, Tttbe^WorvM, Nereids.) 

Char, — Body so^ symmetrical, vermiform, annidated, with 
suckera» or setie» or setigerous tube-feet ; blood of a red 
colour in most 

To certain small auneUdoid burrows in the schistose rocks 
of Bray Head» Wicklow, the name HisHodenna has been 
given ; but the peculiar markings on the surface of these and 
other Cambrian rocks, e^g^ of Armieola didffma of the Long- 
myAds, Shropshire, and of Scoliihus linearis of the Welsh stiper* 
stones and K. Amer. " Potedam" sandstone, conjectured to aiford 
the earliest indications of the existence of marine worms, arc 
not witliont suspiciuii as to tlnir origin. Tlie so-called 
'*Nercitcs" bear considerable resemblance to other equally 
ancient impressions which have been described as Zoophytes, 
under the name of ProUmrgulariu (tig. 3, i). No such doubt 
attaches to the wonn-tracks which abound in the thin-bedded 
sandy stiata of the forest-marble ; and the ^ Cololites' of the 
lithogmphic limestone are most probably the castings of worms. 
Long calcareous tubes occur in tlu- upper Silurian and carboni- 
ferous strata, which have received the name of Scrpulitc6 ; but 
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those in the quartz rocks of S\itlit rlaixl niv thicker in jiii>jK)r- 
tion. The Microcoiuhus ul llic < uil>uDikrous jwriod i.s now re- 
garded as an AneUide ; and in all the later formations, tuhicolar 
Anellidcfl, especially of the genera SerpuUi, Syirorins, and Ver- 
milia abound. Some of these* although attached and gregarious, 
ate so regular in their growth as to have been usually called 
Vermeit, but are now placed in the genus Vermicularia, 
Sjnrofjbfphmj and some otlier sliell-excavators, are indic4ited 
in tlie t+^rtiaries. Amongst the pi-oltlt iiiati* l^ssiLs of the 
palaeozoic stmta, two are suppostcl to b< ancUidous, viz^ the 
TenlacuMks (fig. 10, 7). which was apparently free, and almost 
always regular in its growth, so as more to resemble one of the 
gregarious Pteropods ; and the ComnlUe (iig. 10, t), which is 
attached when young, singly or in groups, to Silurian shells 
and corals : the structure of its shell is vesicular, and the 
cavity resembles a >< rit s uf inverted conps. Tho Tinattarhed 
nud gmgarious Ditmjta a|)i)eai's in tlie upper chalk, an<l 
abounds in the Loudon clay and cra^'. 

Class 1L— CIRRIPEDIA. 

[JJuruaclcg, Acorn -^/t ells). 

Char, — Body chitinous or chitino-testaceous, subarticulated» 
mostly symmetrical, with aborted antemuD and eyes ; 
thorax attached to the sternal surface of the carapace, 
with six jiairs of midtiarticulate, bimmous, setigerous, 
limbs ; metamorpho.si-^ ivsulting in a [K inianent para- 
sitic attachment of the lully-develoi>cd female to some 
foreign body. 

The fossil Cirripedes belong chiefly to the sessile division, 

and ct)nsist of the oixlinary foi-ms of the still-existing Balanida:. 
Till V are mre in the eocene tertinrv. lait more abundant atier- 
w aid-. The Bahmus im caiUrS attains a great size in tlie slielly 
beda ol northern diifl ; its laigc basal plsite, when detaclied. 
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is SI puzzling toe-ftil, and litia caused some laistakis. A Coro- 
nulti has beeu found in the middle division of the crag wliich 
has nflbnled so many cetaceous l^ones. Eemains of peduncu- 
lated Oirripedes occur in older depoflits* Imt aie mostlj seaice 
and fragmentaiy. A species of PoUie^ is found adhering to 
drift-wood, perfotated by bivalves^ in the lias ; anotlier occurs 
in the Oxford clay, attached in groups to drift-wood, and tlic 
shells i.( Ainmr»nite«, which probably Hoated in the seu after 
death. Tlie chalk attbrds mauy species of PofHcijm and IScal- 
pellum, a q)ecie8 of the anomalous genus VcrrucUy and the 
only extinct genus of Cirripedee — Loricula (fig. 10, 6). This 
renwrkable fossil is found attached to Ammonites, and exhi- 
bits only one side in any of the examples hitherto found. In 
this un83rnimetrical development and the imbrication of its 
valves it iiii'ie resembles Vcrrnra tli.ui any other CirrijM'd. 
"During th«> <lt'po«ition of the great cretaceous system, the 
hj^adidm arrived at tlu ir rulminant point : there were then 
three genera, and at least thirty-two species whereas at the 
present day the Philippine Archipelago, which is the richest 
marine province^ affords but five species. 

Class III.— CRUSTACEA. 

Char. — ^Body articulated, with articulated limbs ; head with 

antennai ; bmnchial res|>iratory orpans ; sexes distinct ; 
nietaTiKt] pilosis in most, iu none icsultiug in fixed indi- 
viduals. 

Suh-aass 1.— ENTOMOSTRACA. 

« 

Char. — ^Body with more or fewer segments than fourteen ; 
integument clutinous^ forming in some a bivalve shell, 
eyes sessile. 

&nall bivalve entomostracous Crustacea are found in all 
strata, and attain their maximum siae in the older rocks. 
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iMinut*' ()s(raco(ht, n'latcd to the recent Cypris 10, 5), 
swarm in the laminated frosh-watcr clavs of the Wealden ; 
whilst the marine CytherUlcc assist with their multitudinous 
atoms in building up the chalk. Amongst the Pli jllopods, the 
gregarious Eitkena ooveis the slabs of Wealden and of Kenper 
with crowds of bivalve sheUs which have been commonly mis- 
taken for Cycladfs and PoKidonornyn-. Esthcria abounds in the 
Caithness Hags of the middle Devonian series. The globose 




Fig. 9. 

PaUruzoic Entomoxtraca. 

1. Lcperdifia Baltica, Wahl. ; U. Silurian, Ootlilainl. 

2. EntomoconcbuH iScoulcri, M'C. ; Carboni/erotis, Ireland. 

3. Bcjitcliia oompfieata, Salter; L. Sikaianf Vfiiim. 

4. DitliTioearis, Scoaleri, M'C. ; Carhom^ertnUt Ireland. 

5. Ptervpotus Anclicns, Ag. ; Old Hed Sandttone, Ludlow. 

6. Bellimirus belliiliis, Kiinig. ; Carboni/erout, Coalbrookdale. 

7. IlleenuH Davibii, Salter ; L. Silurian, Bala. 

8. Fhaeopa candatna, Bmn. ; U. SUwrkm, Dadlej. 

9. Cnlymcna Kmncnbachii, Dr. ; U. SUurian, Dndle7. 

10. TriniifltMis orn.itns, Sternb. : L. Sihirian, Britain. 

11. Agnostus triuodus, Salter; L. iSiUurian, Britain. 

Entomoconchv.<i (fig. 0, 2) is found in the carboniferous lime- 
stoiip ; LepmUfia (fig. 9, i) in the Silurian rocks of the north; 
and BejfrickM (fig. 9, s)> which is characteristically Silurian, 
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may be distinguished fi"oiii tlie young forms of Trilobites by 
the uiisyjiimetricul shape ol" its separated valves. Other \>a- 
la'ozoic rhyllopods {Ceratiocaris and Jlymenocaris) related to 
the recent Nebalioy and having a conspicuous tail, occur in the 
upper and lower Silurian strata ; the genus JjploeheUs (M'C.) 
was founded on the tail-spines of these Crustacea. DUhfro- 
earu (tig. 9, 4 ), which resembles the recent Apus in the hori- 
zontal compression of its carapace, is found in the carboni- 
ferous limestone. The lower coal measures also contain, in 
their undules of clay-ironstone, frequent examples of Bellin- 
urm (fig. 0, 6), a small Pa'cilopod, diU'ering from the recent 
king-crab {Limultis) in the movable condition of the body- 
s^ments. But the most extraordinaiy of the palseosoic Crus- 
tacea are the EurypUrui, Simanicpterus, and Pterygotut (fig. 
9,5), from the Upper Silurian and Old Bed Sandstone, of 
which some far surpassed the largest living lobster or king- 
crab ill size. They have been considered an extinct family, 
related to the Limuli ; or as the representatives of the larval 
condition of the stalk-eyed Malacostracu : but the following 
structures shew an affiuuty to the O^nioNia. Their caiapaoe is 
oomparatiTely small, with compound eyes on the antero-lateral 
maigins ; the body segments are eleven or twelve in number, 
without appendages, and terminated l)y a pointed or bilohed 
tail. Euryptcrus has eight feet ; the otlier.s have tliree pairs 
of limbs — \iz^ the chelate antennnR, the foot-jaws, and the na- 
tatory feet, with their fin-like ])alettes, which spring from the 
imder side of their cephalo-thorax. The surface of the body 
and limbs often presents a peculiar imbricated sculpture^ which 
caused them at one time to be rsgaided as fishes by Agassiz. 
The Pterygotm jwoUfflue^icics is supposed to have attained a 
k ngtli of seven feet, and some of the others were a yard long. 
Crustacea of this mainiitude may have formeil i ivu l.-s on the 
searbed, like those 011 the Potsdam sandstone of America, 
called rrotichnites " (tig. 82), subsequently to be described. 
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Order TitiLoriiTKs. 

Char. — ^Trunk segments trilobed; sessile compoimd eyes in 
most ; limbs aborted. 

The great family of Trilobites is entirely oonfiued to tlie 
palaeozoic age ; none are found even in the upper coal measures 
or Permiau system. Above 400 species have been described, 

and trron})ed in 50 t^enera. Of these 46 are Silurian, 22 De- 
vonian, ninl 4 caibuuiferous. According' to lironn, 13 pen«.ra 
are peculiarly Lower Silurian, 3 tpper .Silurian, 1 Devonian, 
and 3 carboniferous. 

The skeleton of the Trilobite consists (»f the cephalic 
shield, a variable number of trunk-rings or segments^ and the 
Plfffidium or tail composed of a number of joints more or less 
anchylosed. In some species a labrwm (or <*hypostome'0 has 
been discovered, but uo iiidications of anti niia* or limbs liave 
ever been detected ; still tlioiv < an be no douV»t they enjoyed 
such locomotive power as even tin* linipot and chiton exhibit 
when requisite. Variations in the length of the cephalic and 
caudal spines (e. in Asaphui eaudaina and il& kngirocmUUus) 
and in the prominence of the head-lobes, have been considered 
indications of difference of sex. One of the oldest and simplest 
forms is the minute Atpwdus (fig. 9, ii) ; it is usually found 
in little shoals, with only the cephalic shield prc'.ser\'ed, as if it 
were tiie larval form of some lui^'e Triloliite. Accoixling to the 
obser\'ations of M. Burrande^ the Sno passes through twenty 
stages of growth, being first a simple disc, and ultimately 
having seventeen free thoracic segments and two caudal joints ; 
the additional segments are developed between the thorax and 
abdomen. The Trimuieus (fig. 9, lo) with its ornamental bor- 
der, and Illamiis (fig. 9, 7), in which the trilobation is less con- 
spicuous than in most genera, are rlmrn« t eristic of the Lower 
Silurian strata. Two others fix>m the Weulock liiucstone have 
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long been celebrated, viz^ Cidymem (fig. 0, 9), f r tJie " Dudley 
Trilobite," so compactly rolled up: aiul A-sajiJu/s (or PJuicaps) 
caudatm (fig. 9, i)f in wiiich. the letiBcs of the lai^c eyes aie 
freqaently well preserved, and visible without a glass. Each 
eye has at least 400 facets^ and in the great Ate^us tffnsnnm 
each is computed to have 0000. In one species {Aaap^ 
KmmUiodtU) the eyes are supported on peduncles. The largest 
Tiilubitc is Asaphus {ligiis ; some of the fragments indicate a 
ci'eaiure eighteeu Indies long. 

SulHilass 2.— MALACOSTKACA. 

C'/kir, — Body divided iut<j thorax and aUionieii, with seven 
segments in each. 

Tlie Isopods are i-epreseuted in the upper oolite by Arch- 
(emiscus /iror/ia;/, which is gregarious, in lai-go nunilicrs in the 
slaijs of Purbeck limestone; and in the Ferniian system by 
the Prosojwiiscus (or Pala:ocrangon). The problematic Pffgo- 
eephaUu, and the '^Apint dutdus," both from the carboniferous 
strata, are doubtfully referred to the Siomapodoi and, with tlie 
exception of the Gitoeran^ of Richter, are the oldest of the 
known stalk-eyed Decapods. 

Macrouiuiis Crustacea are of cou.staiit occurrence through- 
out the ooliti^Js and cretaceous btratu. Une of the luo.st 1 1- mark- 
able forms, Ei^m (tig. 10, 3), is found in the lias (witli the 
closely-allied Tropifer and CoUia) and in the Oxford clay. 
The small lobsteis of the genus Qlyphea^ in the oolytes, and 
Meyma, in the Speeton clay and greensand, are commonly the 
nndens of hard nodules of phosphate of lime. The lai^ger 
specie;, oi' tlu' chalk form the genus Eno))locli/tw. The Oxfor- 
dian uitlito ot' Soleiihofen, with its fin*-ly-lamiiiaU'(l iithojiraphic 
slates, opens like a book filled with compressed and wuiider- 
fully pit'served shrimps and lobsters. One of tliem, remark- 
able for its lonj; and slendt^r arms {Mf^ckirvs, fig, 10, 4) is also 

c 
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luuiul in tilt* O.xroiil clay oi' Wiltshire. One ol the richest 
repositaries of fossil Cmstacea is the Isle of Sheppy, where 
the *^ London clay" has afforded coimtless examples of the 
higher organized divisioD, indudiiig nine Brachynra, thiee 
Ammmia, and five maeromoiiB species. The island of H^iny n, 
on the coast of China, abounds with fossil ciabs of the genus 
Maeropthdhna, whidi aie sold in the dnig-mailcet of Shanghaa 




I'ig. 10. 
Onuttma; AndUda. 



I. Dromilites Lamarekli, Demn. ; London Clujf, Sheppy. 
t. Notopocorv'tcs Stokcsii, Mant. ; Gaxdt, FoIkcKlone. 
■J. Eryon arctifoimis, Scbl. , IKrfiniVinii S.iI. iihof«,'ii. 
4 MfgacliirUH locusta, Ueriurtr. ; Oxjardiaii, Solenliofen. 

5. ( ^yprideft tttlienmlftta, Shy. ; Weald, Suawx. 

6. Loilcula palchellft, B. Sl>v : A Chatk, Soawx. 

7. TontaciiHtea ornatiiH, J. S!<y. ; C. iSilvrian, Dudloy. 

8. Coraalitea wipulariiM, Scbl. ; I/. SUurianf Dudlej. 

OtJiers are found in the miocene of Malta, and of Perim Island 
in the Bed Sea. Instances of secondaiy Braditfura are no 

loncrer open to donl»t ; the little Efj/va Martini (or RcKssia) is 
from the gault, or blue marl, and PhitjijiotUa Ovriii is from the 
white chalk of Sussex ; liaissia ffrcmosa is from the upper 
grecnsund of Cambridge ; StepJuinonufopon is from the maes- 
tricht chalk; Cancer aerdbieuiatm and Qlip/Uth^freus /armows 
are from the planer chalk of Mechlenbuig. 

The anomonrous Dramiopna is 60m the chalk of Faxo 
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inland, where four species have In rii fouiul. Tlie (Jlytia 
Leachii of the rhalk period han been beautifully restored 
bv Tl<'iis3.* Fails of chelate claws occur in the upper chalk 
which are lefened to a hermit-crab {Maott^m Faujatit)* 
Small CrustaceaiiSy reaembUiig in form the living Cofyit^ 
abound in the gault (fig. 10,*), bttt they are known to be 
anomouroua by the small suee and dorsal position of the 
|x>sterior legs, and by the little platos int^^i-eahited between 
the last joints of tlie tail, a^* seen aLso lu the JJromiliUs 
(fig. 10, i) from the London clay. 

Claim IV.— IKSECTA. 

Char. — Body chitinous, articulattnl, with arti( ulatcd and nnei- 
nated limbs ; head p^o^'id«d with jointed antennte ; 
respiratory system tracheal. 

The fossil insects hitherto exnniin«'d have afforded no new 
types or forms of unusual interest. J he oldest known, iliose 
from the lower coa) tih i.>,ure8, resemble the Curcxdionida: and 
BlaUidcc or Lomdidm of the present day. The lias limestones 
have afforded a greater variety to the persevering skill of Mr. 
firodie : species of the genera Berfmu, ElaUr, Gyrinus, Laeeo- 
pkilus, and MeMontKa, and nndetermined genera of the fiuni- 
lies Cai ahicUr., BuprcMida-^ Chyrsomdida:^ and Tekphfrridct ; 
l'anorj>a-like insects of the ^i^mm OrilmphkMn ; ihagou-lli' S 
Nepadcc and Cimicidw^ Cicada^ anil the dipterous* genus As-dus, 
Kext in age is the insect depositaiy of the Stfmesfield slate, 
which affords the huge wing-covers of Buprtstu Bucklandi, 
qiecies of Prionw and Coeemella, and the great neutopteran 
HmerobundeM. The Purbeck limestone has suppl ied, in addi- 
tion, species of VcvT/Um and ColymbeteAy Cyjthm, Helophomt^ 
and Liinnim; and examples of Staph if Imida:, ('<< nihn ridcTy 
Harpcdidwy Hydr(tjthtlid<r^ and Tcnci/rumidcr, jLiUUula and 
• TmiMctkMu of the Acadenj of Viciiaa, vol. n., 1868» 4to. 
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Phrijgaiua^ Achda, aiid Hlatta^ AphiSj C*'rit>j)is, and other 
Homoptera, aud ten diptemns o«*nera. In the newer plioct^ne 
fresli-wator formations the recent C'oj/ns lunaris has been de- 
tecttid, aud the elytra of Donacia and Harpalus. Tlie principal 
foreign sources of fossil insects have been the lithograpiiic 
slates of Solenhofen, and the tertiary deposits of Aix in Pro- 
vence, and (Eniiigen, near Constance, on the Bhine. Bemains 
of species of Tinm and Sphinx are said to have been found in 
the lower .Jura, and of a diurnal Lepidopteian in llie Molasse. 
Nunieitjus e.xanipley of insects in tnu- aiiil>cr lia\ been ol>- 
taiued, and much more abundantly in ''gum animi," a more 
modem tbssil resin. Iliese are all unknown to entomokigists, 
and are probably extinct^ since no department of recent natural 
histoiy has been so closely worked, although the fossil insects 
have been comparatively neglected. It has been suggested 
by Mr. West wood tliat the lias insects have a sub-alpine 
ciiaractrr, and may have been Imiuudit down by torrents fmm 
m)\nQ hi,Lrli(-i ivgiou. But no attempt has Iteeu made to 
shew whether tliese or any other gi-oup of fossil insects most 
nearly resemble those of any particular zoological province of 
the present day. The ^indusial limestone" of Auveigne is 
supposed to be built up of the'fossilized cases of caddis^womis 
(Phrtfffaneida) ; but Mr. Watorhouse, the only entomologist 
will) lias visited the count iv and examined tlie formation, 
entertains doubts of the coiTectnes^ of this interj)retation. 

Of the Myriapoda^ 20 fossil species hav(^ been found, com- 
mencing in the carboniferous system : a chilognathous genus 
(Xylchins), allied to the gellyworm (/Wus). has left remains in 
the interior of a fossil tree {Sigillaria) in the coal formation 
of Xova Scotia. Of the AratknidOy 131 species are catalogued ; 
the earliest and most intert^sting of these is the fossil scorpion 
{Vych'iifhnlmus ,i*:mor) of tlie L»ohejnian coal nicasni'es (figni-t-d 
in IhickJand s Bridyeimfcr Treatise). Fossil spideis aiv found 
in the Soleiilmten slates and in the tertian' marln of Aix. 
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1»R0VINCB nr.— MOLLUSCA. 

Kemaitis of the Testaeea^ or ahell-beariog molluscous aui- 
mftl8» are the most oommon of all fossOfi, and afford the moat 
complete series of medals," or characteristic signs for the 
Identification of strata. The duration of ty]ws and s|)efie.s, as 
a general mlc, is iiivcrscly propoitional to rank and intelli- 
gence. TIh' most liighly organize<l I'oshils have the smallest 
range, and nuiik witli gi-eatest exactitude the age of the dr]»osit 
whence tliey have been derived. But the evidence afforded 
hj sheik, if less precise, is more easily and constantly obtained, 
and holds good over larger ttacts of oountiy. 

The mollusca are soft invertebrate animals with one or 
more nen'ous ganglions below the ;^nil let, whence nervous 
chords proceed to form a collar round that tul>e, and al.so to 
radiate to other parte of tlie body ; the ganglions develo|>ed 
on these chonls are scattered, in most, iiTegularly, and the 
form of the body, in such, is unsymmetrical. In a single class 
{Cephalopoda) the muscles originate from an internal radimental 
cartilaginous skeleton : in the other classes they are attached 
to the skin, or to the calcareous substance developed therein. 
The blood is not red, and is usually colourless : the heart is 
a muscuiiir organ propelling the blood thiouyli a system of 
arteries aTid \ cins, the latter being more or Jess in the fonn 
of sinuses. The respiratory chamber, whether containing gills, 
or ovganised as a lung, opens near, or receives, the anus ; the 
intestine being bent usually forward to effect that relation. 
Such is th«' grade of organisation of which the Lingnla flags'* 
and •'Llandeils rocks" in tlic lower Silurian syf»t«'iii liave 
yielded eviilence. Tlii.s testimony is by shells : niu^i the 
mollusca are so protected. The shell is hardened chiefly by 
carbonate of lime and may consist of one or two pieces, calle<l 
"valves rarely of more. 



Digitized by Google 



61 



PAI^OMTOLOGY. 



Clam 1.— BUACUIUPOBA.* 

The iiiollusks (if this class are so called because tlie cliief 
ino\ iiig ami prelieuyile parts 11, '/,./), ix'semble the "arnis* 
of some jxilypes : they are spirally disposed, friuged and 
ciliated, and may answer to those of the Biyozoa, or ** cilio- 
brachiate" polypes. The soft parts are protected by a aheli 
consistiiig of two valves, one (t& d) applied to the dorsal, the 
other (v) to the ventral surface. The latter has u ])i ominent 
notched or jKirforated beak, through which in most, a pedicle 

// jiasses, t<) attach the animal to 
»niL' U treign body. There are several 
pairs of muscles (o, q) for opening 
and shutting the shelL This> in the 
first order of the class {Artknpo- 
wuUa)'f in which the shell-valves 
Ki^r. 11. are articulated together, has more 

U'aidhcimia/ave$cent. the shape of an ancient 

roman lamjt. 

The lamp-shells, niorc tlum any other group, have suffered 
with the lapse of time.. Of IdOO known species, only 75 are 
living ; and of the S-t; genera» the laxger part (21) are extinct 
The number of generic forms is greatest in the Devonian 
period and least in the uj iu-r oolites, after which a second set 
of new t\7)es gradually a])pear8. The pr{;])ondeTance of fossil 
Brachv'jKif/d is ( (intnusti'd with tin- scarcity of tlic ri'cent shells 
even iiiorc strongly by the abumUmce of individuals than by 
tlie uimiber of species ; for the living shells mostly inhabit 
deep water and rocky situations inaccessible to the dredger, 
and are seldom obtained in laige numbers. 

The genus Ter^braiula, as now restricted to shells with a 
short internal loop, musters a})ove 100 fossil species, of which 

* Or. hnteh^, an aim ; pou9, a foot, 
t Ctr. artkrot, a joint ; poma, a valve or lid. 
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only one survives {T. vilrea), au inhabitant of the Liisitauian 
provmco. The AN aldlu iinias, or TerehratuUr Xow^ loops 
(fig. 11), are widely distributed in our present seas, although 
only nine living species are known ; individuals of one or 
moie of these are found on the coast of SpitsbeigiBn and Lab- 
rador, at Cape Horn, end most abundantly in New SouUi 
Wales and New Zealand : there are sixty fossil species dating 
from the trias. The TerebrtUellce, having the loop fixed to a 
mid ridge, commenced in the lias, occur in small numbeiffi 
throughout the cretaceous and tertinrv' pci iods, and are the 
only lamp-shells which attain their climax, in recent seas. 
Five species of Argiope occur in the greensand, chalk, and 
tertiaiies. The allied genus Thecidium is represented by one 
species in the carboniferous and one in the triassic system, 
becomes comparatiyely common in the secondary period, and 
dwindles again to a single species in the newer tertiary ; this 
sjKH i>'s survives within still nanower limits in tlie Meditor- 
raneuu fciea. The sub-genus Tcrcbratuiina is represented by 
twenty species in the secondary and teriiars- fonnations. T, 
sttiaia of the chalk is so like the recent T* caput mpmtit 
as to be with difficulty distinguished from it Seveiiil extinct 
sub-genera occur in the cretaceous strata, of which the most 
i-emarkable are Trigonosemm (fig. 12, i) and Lyra^ shajied 
like a s i»>lin. The genus Stringocephalm (fig. 12, ») is 
[Kjculiar to the Devonian .strata, and has a lai^ge internal loop, 
and a very prominent cardinal process, forked at the end, 
and fitting over the central plate of the opposite valve. 

The shell of TerAfoMa and some of its allies {Arsiop^ 
Thmditm, Cifrtia, and Spiri/erina) is dotted with minute 
qulncuncial perforations, sometimes visible to the naked eye, 
as ill T. lima, but usually requiring a lens of low power. 
They are suiaiicat in T. carnm. 

The lamp-shells with shaq* beaks and ]»laited valves have 
been separated from the Tenbraiuice under the name Rhffnr 
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choiulla (Fisch.) Tlieir sliells «lo not exliibit the jumctate 
structure under a niagnifying-glass, and they have no intenial 
skeleton to supiwrt their amis, which in tlie rtn^ent species are 
coiled up spirally, and directed towards the concavity of the 
smaller valve, like the spires of the extinct Atiypa (fig. 12, 7). 




} • 



Kir. 12. 
UnichiofxMla. 

I. 'rrigonowniUH rnlisHyi, WimkIw. ; Cretaceous, <'i|>ly. 
1. StringwephaluH Burtini, I>efr. ; Deoonian, Eifel. 

3. Spirifera Ntriata : Carboniferotut, Britain. 

4. Cyrtia trajiezuidalis ; t'. Silurian, DiiiUcy. 

5. AthyriH Roij»Hyi, Ixjr. : Carbotiiferou*, Ireland. 

6. UncitcH jfrypl'us. Ivrhl. ; Devonian, Belgium. 

7. Atrypa reticularih, L. ; U. Silurian, Malvern. 

8. Pentaroerufl Iievis ; Caradoc 8., Salop. 

Of the thi-ee living species of Bhynchonelloy one is found 
throughout the Arctic Seas, a second in New Zealand, and the 
third at the Feejees (?). Tlie fossil species exceed 250, and 
are found in all parts of the world ; those from the paliuozoic 
strata may prove distinct from the rest, since the pennian 
species are known to hv provided with large intenial processes 
(Camaro])hann^ King). Casts of these shells are frequently 
impressed with the narrow and angular pallio-vascular impres- 
sions. The extinct genus Atnjpn difters from Rhpichonella 
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Bolely ill haviiig calcaieoiis spirea, vliich are pteserved in 
many instanoes* and may be cleared to some extent by the 

application of acid. The I'oramen is 8e])araU'd from t lie liiii^'ti- 
luie l»y a deltidium; and the interior of the valve is iiiarked 
by ovarian and vascular spaces exactly as in Rhynrluytulla. 
The lower Silarian rock contains another genus, ForamboniUs 
(Pander), as yet Imperfectly nndentood, but having the valves 
marked externally by impressed dots, which are not peifonir 
tions. The genus Pentamerua occnia in all the strata below 
the carboniferous limestone, and is remarkable for its great 
internal partitions, causing the shell to split readily acit>ss the 
middle : and givinj^ rise to deej) incisions in tho?«e casts of 
the interior which are so coumiou in the Caradoc sandstone 
(% 12. «). 

The extinct SpirifiHdm are a fiunily cbaiacterised by the 
possession of internal calcareous spires extending from the 
centre of the shell outwards (fig. 1 2, 3). These spires, like ^e 

shell itself, are freqnentlv siliciiied, and may be disengaged 
from the matrix l>y action of acid. At other times the 
shell is imbedded in soft marl, removable by careful washing, 
so as to shew the calcareous lamina of the spire fringed with 
hair^like processes, formerly the support of cirri In the 
geinut Sj^rifera the shell has a long straight hinge^line, and the 
flattened tarea of the larger valve has a deltoid byssal notcL* 
The typical si)ecie8 are characteristic of the pala?ozoic strata, 
and have a shell-structure like Mhynchonella. The liassic 
s|)ecies {Spiin'/frijuiy d'Orb.), have punctate shells, and tlie 
byssal opening is closed (at least in the adult) by a thin 
arched plate or pseudo-deltidium." In the sub-genus Cjfrtia 
(fig. 12, 4% the hinge-area is ultimately as long as it ia wide, 
and the deltidium is perforated in the centre by a byssal 

* The ionii Mtidnm, ^lied bgr Von Baeh to Ifau fimmen, hat, bj miacon- 
c«>ptioti of bit a«uiiiig, beeimi« eomtantlj used for tbe platos wUcb parriolljr 
cloM it. 
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tuU; ; some of the species e a puin tat43 shell. The genus 
AlJcyris (1 )aliiiaTi), not always easily distiiif^niislied from 
Tcrehmtultty has usually a smooth and it>uuded shell, orna- 
mented with concentric lamellae or wing-like escpansions 
(%. 12, s); the beak ia truncated by a round foramen; the 
hinge area ia obeolete ; and the spires are as in ^rifera, vitb 
the addition of some further complications near the hinge. 
There are twenty-five species, mostly from the Devonian and 
< ailH»iiiterous rocks. The species of Rctzia (KiiiLr) are still 
more like plaited TcrehrcUula^ but have lat^iui spires; they 
ran!:r<' fi'om the i^ilurian strata to the trias. UncUes ffrypkus, 
(fig. 12» 6), a peculiar Devonian fossil, has a prominent beak, 
perforated in the young shell by a minute apical foramen ; 
the hinge-area is filled up by a dec])ly concave deltidium, on 
each side of which (but only in some specimens) there is a 
lat(inil jK»uch formed by an inflection of the margiji of both 
valves. 

The family Orihida: consists of shells with a straight hinge- 
line, bordered by a fiat, narrow area, with a central notch in 
each valve ; the ventral valve is fiiniished with articulating 
hinge-teeth, and the dorsal valve has short processes for the 
support of the oral arms, which a] >]>« ar to have been horizon- 
liiUy spiral (as in Atn/pa). Detween the oral processes there 
is a central juojct ti<m for the attacliiiH ut ot the cardinal 
musch Iiitt'iiial moulds of the Urlhis (tig. 13, ») exhibit on 
the ventral side the single att^ichmeut of the adductor muscles 
in the centre^ and on each side of it the cardinal muscles ; 
these are surrounded by the punctate ovarian spaces and 
impressions of the large pallial sinuses. The gc>nu8 Orlhis 
includes 100 species, ranum^ upwards to the Permian, but it 
is mo>t abundant in the Silui ian rocks. Some of the lower 
Silurian species have a round luramen in tlio ** pseudo-delti- 
diumj^and are called Orthlnna {iVOvh.) Other species in the 
Upper palaeozoic rocks have the beak twisted or deformed. 
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pnjbably owing to tlie attaclmieiit of tlie shi*ll when ynimg 
(= Streptorhjnchu.% King). In iStrophomena,lSA&lk ( =Leplama, 
Daltn^ fig. 13, j), there is a minute byssal foramen when young, 
of which no trace exists in the adult ; and the deltoid notch is 
also dosedt except the space required to receive the divided 
cardinal precess of the donal valve. The oral processes 




Fig. 13. 

Bradkhpoda. 

I. Urtbid b}-htf rita, L. (cast); Devonian, Khiue. 

». Dttvidaonui VemeatH, Boncb.; Dttxmian, ISM. 

]. Stropliomena rhomboidalis, Wuhl. -, U SUurian, Dudley. 

4. PrmlactH Hcmin-tit ulata Mnrtiii ; (\trU>niftro\i», Derbyshire. 

5. ChuiHftuM Htriatella, l»alui. ; U. Lutlluir rock, ilerefcmbbire. 

6. CalccoU sandaliua, Lam. ; Devonian, Eifel. 

7. Oboloi Apolltnu, EScbw. ; L. SUmian, Nortbern Etnttpe. 
t. Sipbonotrata nngaicaUila, Eobw. ; CT. SShuioM, BritMn. 

appear to be shifted to the centre of the valve. The shell, 
when young, is plano-convex, but when it has attained a certun 

Hize the valves are bent over to one side or the other, and more 
ur less suddenly. The pallial impressions ai^e the same as in 
Orudis. 

The genus Davidaonta (fig. 13, i), peculiar to the Devonian 
limestones, resembles an Orthis attached, like Theeidium, by 
the ventral valve to coralft, and sometimes taking the mark- 
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ings of the body on which it grows, like the oyster aiid 
Antmiff. The pallial iinpix^ssionn are like those of Orthis, 
and the lV»rin of the spiral anus is indicated by prominences 
wliich alnioat fill up the interior of the shell in aged examples. 
Some indications have been obtained of slender calcareous 
spires for the support of the arms in this genus ; and also in 
Kanirukiat a small shell from the trias of St Cassian, in which 
there are always spiral grooves in the interior of the valves 
crossed by the impressions of the pallial sinuses. 

The anomalous fossil called CcUeeola (umidaUna ( l^tm., 
13, 6) is also iHiculiur to the Devonian liinestoiirs. In slia}>r 
it rosembles Cyrtia^hxii has uo hinge, and neither foramen nor 
internal processes, except a row of small projections along the 
hinge-line^ and two small lateral groups of ridges in the 
smaller valva The interior is punctato-striate, but has no 
recogmsable muscular markings. 

The ProdtLctida: are altogether palieozoic fossils, and most 
abuii*lciiit in the carlMiniferous limestones. Their valves aiv 
concavo-convex, the hinge-line is straiglit, ami tlic interior 
is marked with simple vascular spaces, and with distinct im- 
pressions of the muscles for opening and dosing the valves. 
There are 60 speciea of Producta found in the upper pakeozoic 
rocks, having a very wide range in North and South America, 
and dis^iersed from Spitzbergen to Thibet and Tasmania. Some 
of tlieui arc extremely variable in form; many arc armed with 
long tubular spines, and others completely clothed with short, 
hair-like processes ; they have no hinge-teeth, and the hinge- 
area is extremely narrow, except in the sub-genns A ulosteges of 
the Busaian zechstein. Frodueta pnbotddea has its convex- 
valve prolonged into a tnbe^ as if for the constant supply of 
respiratory currents. The Permian genua StropkaUma has its 
valves articulated by hinu'c-tecth, and covered with long and 
slender hollow spin< > ; liic ahcW is attnolied when young by 
the umbo of the laige valve. Chanties (tig. 13, $) is distin- 
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guished from ProdueUi {ib, 4) l»y a row of spines along the 
hioge-maigia of the convex-vaLve; it also has a nanow hinge- 
aiea with a covered notch, and small hinge-teeth* There are 
25 species in the Silnrian and carboniferous strata, usually of 
small sizo, and finely striated. 

In the order Lynopomuta* the beil-val\e.s are inarticu- 
latod, and in most are not (.oniplek^ly calciiied. Crania is 
one of the oldest living type^s, ranging upwards from the 
lower Siloiian. One of the earliest species aiipears to have 
been unattached, and another to hkve had hinge-teeth. 
Crania IgnaberymuUt of the chalk of Sweden, has the valves 
externally alike, being attached only when very young. The 
internal markings of C. aiUiqiiOy and other fossil si)ecie8, are 
remarkably jirot<»sqiie. Lower valves of this gimm and of 
Thecidium are not uncommon, attached to tiie tests of sea- 
nrchius, in the chalk; but upper valves are scarce either 
detached or in tHu, 

The DitdnidcB are few in number ; many are of ancient 
date» bnt they a])pear in every period. Some of the palaeozoic 
Discinee OrbicvlotdeOy d'Orb.) cannot be generically distin- 
pjuished from the nccnt species by any chanicters with which 
we are as yet ticc^uainted ; but others {= TreTtiatis^ Shar|>e) are 
ornamented with quiucuucial punctures, and the casts exhibit 
indications of diverging internal plates* which imply very 
considerable difference in the oiganuation of the animal The 
genua Sij^honoireia (Vemeuil, fig. 13* s), peculiar to the Silurian 
formations, is covered with moniliform tubular spines. 

Liiufula^ which has given its name to one of the oldest 
fossil itV'mujj imks, is another form occurring unchanged in 
strata of every period. Only 34 sjxjcies are known, and none 
of them are very common. The latest British LinffiUa is 
found in the coralline crag (older pliocene) of Suffolk ; the 
merest living species is as far off as the l^ilippines. L, 
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j[>tti-wtz, ul lliu " liuj^aila Hags" ill NorUi Wales, has a pedicle 
groove in the veutral valve, by whicli tlie posterior adductor 
(or eaidinal muscle) must have been divided into two elements, 
as in the genus Obolus (%. 13^ 7) ; externally it has all the 
appearance of an ordinary existing shelL From the fragments 
of Lingvla in the lower Silurian sti]Ter stones of Shropshire, 
they appear to Ix lonu to a spct ics distinct fix)ni L. Davisii. 
Oboliu% luchw. {j=-Ungula, I'aiider) is so abundant in the 
lower Silurian sandstones of Sweden and Eussia as to have 
given its name to the "obolite grit" In Enghind it occurs 
only in the upper Silurian of Dudley. The shell is homy in 
texture, and often stained blue, like the Liwrula, hy the pre- 
sence of i»hos})hate of iron. In shape it is re<^\ilarly oval, and 
differs from Lingula in the character of the internal muscular 
impressions. 



Clam II.— LAMELLIBRANCUUTA.* 



This class is so named because the breathing organs (Hg. 
I4f, p) arc shaped like leaves or ] dates, two on each side, de- 
pendent from the inner surface of the mantle-lobes («, h). The 




mouth is provided with ciliated tentacles h) usually much 
shorter than in the Brachiopoda, like which tiie present class is 

acephalous. A few genera are fixed either by a soldered valve 
* Lamelia, a plate ; branchiae a gill. 
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or a byasufli most are bee and locomotive ; in these, the foot 
(f& e) is a muscular body dcveluped from the ventral surface 

of the visceral mass. \Vhcre the foot is well developed and 
the muscular power fre([uently exercised, the breathing appa- 
ratus is usually complicated by distinct nmscular tubes or 
** siphons," one (ife. for the eotiy, the other {g) for the exit 
of the respiratory currents of water. One valve of the shell 
is applied to the rights the other to the left side, of the body, 
the valves being articulated by intedocking parts called 
"teeth,** and by elastic fibres called the * ligament** at the part 
of the shell called the " hinge'' (fig. IG). The valves are also 
attached to each other by one or two muscles, called "adduc- 
toi-s,** iK'cause they puU the valves together and close the 
shell In this ope- 
ration they squeeze 
tlieligament» which, 
by its elasticity re- 
oj)ens the shell r.n 
the relaxation of p, 
the muscular action. 
Each valve is a 
cone, shewing every 
grade of depth from 
the flat plate of the 
Pliu nna to the ]>ro- 
duee<l and s]»ind 
cavity of Isocanlin 
and Dictras ; it is commonly shallow, with the a^ax or 
itmfto (fig. 16) turned to one side and directed fon^ard. 
Flaoe a bivalve shell in the position of the Cythma (fig. 
15), and the direction of the wnbo determinea A as the 
anterior bolder, and P as the posterior one; the upper 
or tlorsal, and the lower or ventral border, are as marked 
in the cut. The length of the shell is taken from A to 




Fig. 15. 
C^Uttrea ckiome. 
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P; its hci<;lit or breadtli at riirlit ano^lt's from the doiijal to 
the ventral border ; its tliickiiess in luea-sured across the olose<l 
valves, at the most prominent part from the right to the left 
side. Tiamfer yoaiself in imagination within the aheil (fig, 
15), with your head towaids A and your back towaids the 
dorsal border, and you will recogmse the valve figured aa the 
right valva Anterior to the umbo &ere is nstially an oval 
depression, luiiainjpr a concavity in the uutluiu (jf the \dl\\: , 
it is called the lumUc The hinge ligament is sometimes 
between tlie itnibones, never anterior to them. If the shell be 
divided by a line dropping hom the apex of the umbo into an 
anterior" and ''posterior'* part, it is never equally divided ; 
in' other words, it is unequilaterBl. Peekmeulm is least so ; 
in Glyeymeris and Solemya the anterior moiety is longer than 
the posterior one ; in almost all other liivalves it is shorter, 
i\3 in Cythcrca ; commonly it is much shoiler. Most ]>itiiielli- 
branchs are e(j[uivalvc ; that is, the right and left valves are of 
the same size and shape, as in Cytherca (fig. 1 5). The exceptions 
occur in the stationary and often fixed species, which lie on 
one side ; when the lower valve is deeper and more capacious 
than the upper ona This lower valve in the oysters (Odrea), in 
Pandoray and Lyonsia^ is the left valve ; the smaller and Hatter 
ujjper valve is the right one. In Cli^hwstrea and Gorhila the 
left is the smallest valve. The Placuiut, Pectin^ Spon- 
dyliy and AvunUida rest on the right valve ; the Aiumia are 
attached by degenerated muscular fibres passing through a 
hole or notch in that valve to a more or less calcified lamellar 
plug. All these shells are called inequivahc 

The bivalve is called dose when the valves fit accurately ; 
it is grtping if jiart of the bortkrs do not come into contiict 
when the shell is shut Tn Qastrochcrna this ]»erMianent 
opening is anterior, and serves for the passage of the toot. 
In Mya it is posterior, and senes for the passage of the 
b3'8sns ; in SoUn and Qlyeymens the shell gapes at bntli ends. 
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Theae and other paiticuLin m noted in the description of 
foeml shellfl^ and» when their inner or nacreous layer is pre- 
senred, its impressions reveal the organization of the ancient 

! il ricatftr and occupant as truly cu? do the jirocesses and 
juiiii-.siiit.iLr^ of fo.s.sil bones tliat of the extinct vertcLmte 
aaimaL To aid the young PalagoutologiBt in acquiring this 
essential knowledge for the snccn^'^^fiil study of fossil Bivalves 
the chief imptessioDa are named in the aubjoined figure of the 
internal aurfiuse of the 1^ valve of the shell of a Cythema 
(fig. 16). When two adductors are present^ as in the bi- 
valves thence called •* dimyaiy," they leave the •* anterior* and 
'*post< iioi muscului iinprejBsioiis when one adductor only 
exists, it answers to the ]>osteri(»r muscle, but is more central 
in poaition (fig. 17, i). The o) ster is a familiar example of such 
•* monomyary " hivalve. ^Vhen the ** pallial line" or ** intprea- 
aion" extends in an unbroken curve fiom the anterior to the 
posterior nraacukr impreaaiona (fig. 20, 4), it may be inferred 



that the inhabitant of the 

shell had either no si pi 1 on, 
or a very small or a non- 
i-etractile siphon ; when 
the line is bent towards 
theoentrebefora it reaches 
the posterior adductor 
(fig^. 16, 20, t), the pre- 
senceofaretiactileaipbon 
IB indicated, this notch 
l)eing occupied hy the re- 
tractor muscle of that part. 
When a foot is piesent^ 
ita retractor-muscles usually leave recognisable marks on the 
interior of each valve. The aiphons in some of the elongated 
Indum cannot be retracted into the ahell ; they are conse- 
quently exposed, as in PmfmMit fig. 14, g, g\ and Pholas; 

r 




Fig. 16. 
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sucli Species derive extrmsic abelter by buixowing in sand or 
stone. The mantle is tliat portion of the skin of the LameUi- 
bianch vhich» after investing the viscera, gills» and foot> is 
reflected, ventrad, in the form of plates and " lobes" (fig. 1 4, ab) 
to line the sliell which it hs^ lormed, and be piudueed, wheu 
ueedful, into l)reathing-tnl3es. 

Moi^ than a third part oi the known tbssil shells are 
the ordinary bivalves of the leaf-giUed class.* They amount 
to nearly 6000, while the recent species scarcely exceed 
half that number. Kevertheless it is a group which attains 
its mayimiiTu in the preset seas. The genera are seven times 
more numerous in the newer tertiary than in the oldest geo- 
logical system ; and the nuiiibcr of species fijiind in the entire 
Silurian series is less tlmn 100, wliile the chalk contains 500, 
and the miocene iiOO. Out of 150 genera, 35 have become 
extinct^ besides numeious sub-;:,'eneia. The families C^ri- 
nidas, Attartidm and AnaHnuUet have passed their maximum; 
the Trigomadte are nearly extinct; and the H^spuritida have 
no living representatives. 

The monomyary bivalves, and others with an open mantle, 
attain a degree of importance at an early period ; and with 
them «ome of the buiTovvni^ laniiliea {Myacidcv and Anor 
UnidiB); while i]\>^ highest orgauiaed siphonated shells («.^ 
Vmeridai and TdlinuUe), unknown in the older rocks, are 
most abundant now. 

The family CMnidee, distinguished from the Pectens and 
Anomia by resting on the left valve, contains two fossil forms. 
Of these, Exofjtf/ra resembles an oyster "vvitli spiral mnbones, 
directed backward, or to the left hand; it is an attached sliell, 
characteristic of the cretaceous strata. The geuuB Griiphita 
(fig. 18, i) abounds in the oolites, and is gregarious^ but 
unattached, the umbo of the laiger valve being curved inward 
like a claw. A single Ostrea occurs in the carboniferous lime* 
* Ae^phdt$ Macit, Cot. CViieAi%ra of Lanarek Doahajen. 
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stones after which the species become abuDdant, and are with 
difficulty distinguishable from the smooth and plaited, or 
"cocka-oomb," oyster of the present day. 

Several curious modificatious of Anomia aiul Plamna 
have liiMMi obtiiinod in a fossil state, Limxtnmnia (liouchard) 
has ears like Lima, and is attached to shells and comls of the 
Devonian age. PUuwwpms (M. and L.)» found in the oolites* 




Pig. 17. 



1. Aviculopecteo, sp. ; Carhcmfwous, Belgium, 
a. PtMidonomya Beoheri ; CbrtenifferoMt, Besae. 

3. Ambonychia vetusta, Sby. ; Carboniferous, Belginm. 

4. Myalina GoldfusBi, Dkr. : Carhonift rous. Vise. 

5. CtenoduatA cuncata, Hall ; L. Sduriaih^ Cunadu. 

6^ I^rndenw plana, Coortd ; L. SQmitm, Hadfon Rater. 

7. Axiniu obteorm* Sby. ; Magnesian limestone, DoriiftBi. 

8. Conocardi'nm Rrmatnni, Ph. ; CarbemiferouM, Toumny. 

9. PlearopboruH costatus, T. Br. ; Magnesian limestone, l>urliatn. 

10. Qnmmjtim oingnlata, Hit. ; Ludlow rocks, Kendal. 

11. Edmondia, ip. ; Om^om^fnimt Belgimn. 

has a transverse ligam<'iital frroove, wliidi, like the umbo of 
the upper valve, is someway within the margin of the shell. 
And Candia (Gantr.), a tertiaiy form of Pheuna, has a byssal 
plug pftfwiwg through a foramen like tiiat of Anomia when 
young, but closed in the adult 

Fossil Peetinidas are very numerous. Some of them in the 
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carbomferous limostoiio {e.fj., P. Sowerhyi) cannot be distin" 
guiflhed geneiicaUy from the living Pectens, and letain diveig- 
ing bands of colour. But the gxeater part of these old spedes 
are somewhat aviculoid in form (fig. 1 7, i), and their hinge- 
area is grooved with cartilage-furrows, like those of Area, 
Tlie most beautiful fonns occur in the chalk and greensand, 
and resemble tlio recent scallop (Janiray Scliuni.) in the 
inequality of their valves, but are further characterized by the 
possession of articulating hinge-teeth like Spowfyhts. These 
constitute the genus Neiihea (fig. 18^ «). PUoatulm exist in 
the tiias and oolites, along with shells referred dubiously to 
Hvnnitea and Spondyha, True Himiies (a sub-g^us of 
Pecten) are characteristic of the mioccne, Spondyli a^tpear in 
the greensand and chalk. Some <>f them (lilic the so-called 
Flagiostoyna spino^um") are unattached ; others resemble 
the recent deep-water S. Giissoniiy and have been called 
''Dianchoise." The inner layer, including the hinge of these 
ahellSy is seldom preserved. Lima proboseidea first appeais 
in the lower oolite, and reappears in the great oolite^ and in 
the Kelloway rock. Lima duplicata^ and some other oolitic 
species, have two ranges of little hinge-teeth, but not like 
those of the recent species oi LirMca. The large and smooth 
or striated Limas of the oolites have been called Floffiosioma, 
a name originally given by lihwyd. 

The pearl-oysters (AmcuHdee) are also very abundant 
fossils : but owing to the frequent repetition of similar forms, 
it is difficult to determine the genera with any degree of cer- 
tainty by the aid of extenial eliaiacters alone. The Siluritui 
f?peeie«5 mostly belong to tlie genus Pi>:rinm ( floblfuss,) and 
are broa<n> ^viuged, and have the hingi^-ai^a striated length- 
wise, and a few-diveiging hinge-teeth. Amhonychia (Hall) 
resembles Inoceramus^ and ranges &om the Silurian to the 
carboniferous strata (fig. 17, s). The Silurian genus Cardida 
is ridged like a cockle ; and PoMmomya, which is found in 
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all tiie palffiosoio neka. Is veiy thin and concentrically fup- 
lowed (fig. 1 7, Many other genera have heen propoaed whoae 
characters axe even more imperfectly ondemtood. MonoHs 

(Salinariiis) one of the coiiiinon shells of the trias, has no 
anterior ear. Ptcropcnia (Lyeett), an oolitic form, has a 
winged shell, with numerous small anterior teeth and long 
poeterior laminn. The genus OmviUia (fig. 18^ 4), ranging 




Fig IS, 
Sectmdari/ Bivalves. 



1. Gryphaea arciiata, I^am.; Liai, Channouth. 

s. Pecten (NeitLeaj quiuquecostata, Sby. ; Ckaik, Sussex. 

3. PalTimtes AdMUoni, Defir. (interiMl mould) ; CforttBiaih Boelwlle. 

4 OernllwMioeiw, Dh. ; L. Oreen$and, U]e of Wight. 

5. InoceramuM snlcatiiH. Park. ; (fault, Folkt-st'ino. 

6. CucuUwA (fidacruUuD; liirBoneiisis, D'Arch. ; Great OoliU, Min- 

cUnlumiptMi. 

7. iHoarca conJifurmiH, Schlotb. ; ^p^fffflllHi yilttlwini- 
S. M yophori* decoawU, Miiat. ; SWot, B. Giimn. 

i'l-oni the carboniferous limestone to the chalk, consists of elon- 
gated shells, with several cartilage-pits in the ligiuuental area. 
BakeweUia, found in the Permian, has an anterior muscnlar 
impnasion like Area, The recent genus Perm commenced 
in the lias or preceding fbrmation, and exhibits great variefy 
of shape. PuMniies Adanumii (fig. 18, 3) appears to have 
been a F^ma with a byssal foramen like Anomia ; and Tnoee- 
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ramus (fig. 18, $), chaiacteiistic of the cretaceous strata and 
oolites, diffen from Pema chiefly in fonn, the latger yalve 
being sometimes completely involute^ and resembliiig a 

NatUihs. The genns Pinna, which appears to belong to ttus 
tUmily, altlunigli provided witli two adductor muscles, occurs 
fossil iii the Devonian and all suliscquunt strntu. St^mu ui the 
oolitic specieSy distiiiguished by the name Trichites^ are inequi- 
valve and irregular, and attain a thickness of more than an 
inch, resembling mineral masses of fibrous carbonate of lime. 

Amongst the mussel-tribe {MytUida) ate many Silurian 
species distinguished 1 >> tlieir large, round, anterior muscular 
scar (Modwlopsis, Hall), and others which Lave a straight 
hinge-line and plaited valves (Orfhm4)tu$f Conrad). MycUina 
has the cartilage-gixx)ve repeated (tig. 17, 4), and is found in 
the upper palaiOjEoic rocks. Sometimes the anterior adductor 
is supported on a shel^ as in the recent SepHfera and 
DmsMmL time MytUi and ModioUiB abound in the oolitic 
strata. Dreissena, now confined to the rivers of the Aralo- 
Caspian region, or oidy natundized in Western Europe, was 
represented by many species, and si.njie oi" large size, in the 
eocene of Hampshire and init)cenc of Vienna, 

Fossil Arcadce are far more numerous than the i^ecent 
shells, and mostly belong to the division CumUlceiu of which 
a single species survives in the Coral Sea. The palaeozoic 
Arks have anterior teeth like AreOt and posterior teeth like 
Ouctttteea, and differ horn both in the reduction of the hinge- 
area to a narrow tract corresponding with the posterior half 
only in the recent sliells. The casts of Ark-like shells in the 
Silurian rocks are farther distinguislied by a deep furrow 
behind the front muscular impression. These constitute the 
genus QtemcUnUa, (Salter), which has hinge-teeth like KuctUa, 
and a prominent external ligiunent (fig. 17, s)- Some of the 
oolitic Arks, with a byssal sinus* and the posterior teeth very 
long and parallel, form a sub-genus called Maerodm (fig. 1 8^ 6). 
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Otliei-s, Willi piuiniueiit luuhoiies, teeth like Xncula, and a 
striated ligainental area, form the genus Isoarca of Miinster 
(fig. 18, 7). Above 200 speoiee of Nucula and Leda are 
known only as foaaila^ and lange through all the rock aysteiiia. 
The palffiozoio fepeeies aie aziomaloaB in foim, and when better 
underatood, will oertainly be eonsideied distinct as genera. 
Toldia is a newer tertiary form characteristic of high northern 
latitudes ; and SoUndla occurs fossil in l^atagoiiia and New 
Zealand. Tlio problematie p:eiiu8 Sdemya is supi)osed to 
have existed iu the carboniferous period. J^ectunculi appear 
first in the cretaceous strata, being lees ancient than Limopsit, 
which oceon in the Bath oolite. A member of the latter 
genns found in the Belgian eocene has the ligamental area 
entirely hehmd the cartilage-pit» and is called Nucmella by 
d'Orl)igny. The ** Stalagmium" of Conrad (=Myoparay Lea) 
is identical witli Crcnclla (T, Br.), a sub-genus of Modiola, 
found ill the cretaceuus and tertiary strata. 

The Trigoniadm ai-e represented in the lower Silurian 
strata by Lyrodesma (fig. 17, 6), a shell with several radiating 
hinge-teeth, striated transversely; and in the npper pal»ozoic8 
by AxmM (fig. 17» 7) and several other imperfectly-known 
genera. uid»fi«tt occnrs in the niagnesian limestone of Ihirham» 
and in the permian (with Turbo and Rissod) at Ckirford, near 
Manchester. The trias contains tnic Trif/mim ass K iated 
with the genus MyojjJtA/ria. (tig. 18, 8), wliicli ha5 the nmboncs 
turned forwards, and a posterior liinge- tooth. The only 
member of tliis family which has yet been fovmd in tertiary 
strata is the little genns Verticordia (Wood) of the erag. No 
Trigomm have been met with, although 100 species aie known 
in the secondary iock% and two are still living on the coasts 
of Sonth Anstndia. 

Fresh-water mussels (Union Ida:), of lar<i:e size ami various 
form, occur in the AVealdeu formatiuu, and are not rrcnerieally 
distinguishable from recent sheUs; but those of the coal 
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measures and older rocks are eztiemelj problematic» and may 
even belong to marine geneia. 

Of the genus Chamn there is one species in the upper 
greensand and clialk of England, and another in the London 
clay. Elsewhere they are more abimdaDt, amounting to thirty 
species. Closely allied to Chama Is the Dicercts (Lam.), of 
which the reinarkaltU' casts attracted attention at an early 
period (fig. 18, i). They are found in the coial rag of France 
and Germany, and resemble the horns of some animal. The 
shell is attached by the umbo of either valve, indiffeiently»like 
some of the recent ChaniaBb The posterior adductor musde 
is supported on a prominent ridge (as in PachydesmOy Mega- 
lodmiy and the recent Cardilia\ which causes a spiral furrovr 
ill ea( li hnrn of the cast. The slit lls which succeed Dkcrm, 
in tlk' iuwcr Lit'taeeous strata, have the right valve usually 
much smaller than the left, and in one instance (fig. 18, ^) it 
is like the operculum of a spiral univalve. The only British 
species of this group is B^imia Lansdalii, foimd in the 
ironsand of Bowood. In France^ and also in Texas, another 
form occurs^ with the attached valve simple and conical, like 
a Hippurite. The ligamental groove is straight, and the umbo 
of the free valve marginal. 

These shells are s<i intimately allied to the Hippuritidw^ 
that Requienia has been frequently included with them in 
the apocryphal order Rudista." Tlie members of the Hippu- 
rite group are attached and gregarious^ like oysters^ often 
occurring in great numbers, and filling lazge tracts of rock. 
Their valves are different In structure and sculpturing, and 
are articulated by two prominent teeth above and one below ; 
the cartilage is internal, but there is a conspicuuu.s ligamental 
fuiTOw o\itside. Theie are nearly lOU species characteristic 
of the cietaeooiis strata, and especially of the lower rhalk, or 
** lilppurite limestone." Only two species {Radioliles MorUmi 
and Oaprinella triangularis are found in £ngland ; the rest 
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are from the West Indies, Southern Europe, Algeria, and the 
East. The form wliich approaches nearest to Chania is the 
little genus Ca^protwa (fig. 19, 7), whose upper valve has a 
maiginal umbob but is in other respects like a miniatiire 
BadiiaUU, Caprina (dXhtK) has the fiee valve peifoFBted by 
canals which open in the inner margin, and in CaprineUa the 
outer lamina of both valves possesses this structure. One 




Fit'. I'J. 



Secondanj l>ir<ilt\g. 

a. Dicerati ari tinum, Lam. ; C</raUUm, Franco. 
%. Bcqvienia amnKiala ; Xleoeomkm, 8. Frmnee. 

3. llooopleura trilobata, d'Orb. ; Xeocontian, Orgon. 

4. ffippiiritfs Tuucahiaua, d'Orb.; L f'li<ill\ France. 
$. Badiofites augeiodcH, I^m. ; L. Chalk, Gu»au. 

6. Caprinolla BoiMji, d'Orb. ; L. Chalk, Valley of Akantara. 

7. Capraliiia wBittriala, d'Orb. ; U. Oremmmd, Le Haiw. 

valve is sometimes spiral (fig. 19, 6), and partitioned oir inter- 
nally by numenms septa, like the water-Spondylus, but so 
regularly as to resemble the chambered shell ot a Kantiliis. 
In the BadiolUe (fig. 19, 5)> both valves aie oonica], and the 
umbo of the free valve (maiginal in the ver>' young shell) 
becorne.s central in the adult The structure of the hinj^e is 
modified bv tlir absence of any sjiiiality in the valves, Imt is 
essentially the same as in Otprotina and Dlccras ; the promi- 
nent teeth of the upper valve support curved plates for 
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the attachment ut ilie addiiL'tor muscles, which become con- 
tiuually more undercut in the course of their growth. In 
Hippurita the anterior muscitlar plate projects borizantally, 
the posterior yertioaUy, like a tiiird tooth, for which it haa 
been TniHtaken, In this genua there m two longitudinal 
inflections of the onter shell-wall beside the ligaments] 
furrow, one curri'.sjjonding to the posterior muscular ])laks the 
other (or third) a])])areiitly a siphonal inflection like that in 
Trigmia and Leda (tig. 19, 4). 

The structure and affinities of Hippuritc shells are ably 
treated of by S. P. Woodward in the ** Quarterly Journal of 
the Geological Society' Feb. 1855, pp. 40-60. Some had 
deemed them to be cephalopodous^ some brachiopodous^ and 
others annellidons : but Cnviei's view of their lameUibnmchi- 
ate nature is established, and the position assigned to the 
Hippurites by Qucuiitcdt and Woodward, between the Charm- 
cm and Cardiadce^ is now accepted. 

The cockle-shells (Cardiadw), as they have a world<-wide 
distribution now, had a corresponding range in time, and are 
found in all strata from the Silurian upwards. The com- 
monest fossil tribe of (Jairdium is ribbed conoentricslly on the 
sides, and radiately on the posterior slope, a style of ornament 
almost unique amongst the 200 recent speciea The Caspian 
cockles, distinguished 1 v ;i sinus in the pallia! line, a])pear to 
have inludiited the At.il ^-(.'aspian region almost from the 
middle tertiary period ; the hin^teeth are reduced to one 
(Monodama) or two (fiidacna) in each valve, and are some- 
tames quite wantmg even in U10 young shell (Adacmtt Eichw.) 
IMaeardmn wkuUm (fig. 20, 7) is a ohuacteristie shell of 
the Paris basin, and appean to have spun a byssus, like the 
fry of some recent cockles ; it also resembles the oriental 
Tridacna, of "which a species is found in the miocene of 
Poland. The gen as Conomrdij'm 17,8) of the u])per 
Silurian and carboniferous systems is remarkable for the 
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prismatic cellular atructure of its shell, and the tnmcation of 

the posterior (J) side of tlie valves, wliicli are furnished iu 
some species with a slender siphonal process. 

The LiLcinidw, allied to the cockles in their hinge-structuiey 
are alao plentiM in the fossil state, and have as wide a range. 
They are usually leoognisableb even when in the condition of 
internal casts, by thdr circular fom and the oblique ridge on 
their disk. Gtoks of Ludna also exhibit the peculiar nanow 
outline of the anterior adductor detached from the pallial lina 
Cryptodony DiplodonUi, Kdlia, and Pythina are found in ttie 
eocene tertiary. Corbie, under the sub-generic form of Spheera^ 
comuiences in the trias; another niodification, found in the 
oolites and chalk {Unicardium, d'Orb.), is edentulous; and 
TanerecHa (Lyoett), a compressed triangular shell, with a 
dentition like Corbia, is frequent in the lias and oolite. 

The fresh-water CffeHadida are represented in the Wealdeft 
and 0oeme by many species of Ci/rena, mostly of small siza 
The recent Corhicula Jlirniin/ilis of eastern rivci-s is a common 
fossil of the pliocene tertiaiy in Kn;j:land and Sicil j. 

The Cifjrn'nidcc and Astartulce are more abundant as fossil 
sliells, and liad a wider range of old than at the present day. 
Kearly 100 species of C^gmna have been catalogued, com- 
mencing in the ttias; the dentition of the older species is, 
however, somewhat peculiar. The hoeardia are almost as 
numerous, and have the same range, but many of the fossil 
Isocardia-looking shells are really related to the xinatinidcf. 
A yet higlier antiquity has been assignetl io Cifjyricardiay a 
genus now veiy scarce and difficult to obtain, on account of 
its habit The palseozoic Plmropliarua (fig. 17, 9) is dis- 
tinguished by the prominent ridge behind the anterior 
muscular impiession; and MigoMim (J. Sby.), by the plate 
supporting the posterior adductor. This genus is represented 
in the oolites by Packyrima (fig. 20, i), and in the teitiaries 
and modem seas by CardUia, 
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The fTcnus Astnrte, now limited to a dozen species in the 
NoiUi Atlantic and Arctic seas, has an almost world-wide 
geological distribution, and counts 200 species in d'Orbigny's 
catalogue, commencing with the lias period Orastatellci, now 
almost a aonthem fonn, is common in the cietaoeoas and 
tertiaiy strata of Eaiop& dosely allied to AtUarte is the 




Fig. 20. 



Secondary and Tertiary Bivalvei. 

1. Puchyrisma Hiptirenira, Bur.; Corallian, Meoae. 

2. Cardinia hybrid.4, Sby. ; Zruw, Gloucester. 

3. Opit lunnlatiiR, Mill.; Inf, OolUe, Bajcux. 

4. Tancredk (MMnrifomiia, Dkr.; Lku, Bmswj. 

^ Sowcrl.y.1 crassa, d'Orb. ; Oxfordian, ArdenncM. 

6. Gouiomya >*cripUi, Sby. ; KeUotcay rock. Wilts. 

7. Lithoomliuin aviculare, Lam. ; Eocene^ I'uris. 

5. Gratdlonpb imgnluri^ But. ; Miooem, BoidcMx. 
9. Terodina penonate, Lun. ; Boene, Bognor. 

extinct genus Opis (% 20, 3), of which there ate 42 species 
in the secondary series ; and Cardinia 20, »), characteristic 
of the lias and oolites. The so-called TJnios of the coal 
measures {AiUkreusona, King) are probably members of this 
group.* One hundred species of Caardita (including Vcmri- 

* "Tliey occur in tbe valitftble hjren of clay-ironttom calkd *nnuiel- 

K ni ls,' as.sociatcd with XautiU, Diicina, etc. In Derbjlhin th« ]niiBnl>lMlld 
iii wrought, like marble, into vases."—- ffWkanl. 
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cardia) are found in the seoondaiy and tertiaiy strata; of the 
50 recent fonns^ one only is Arcti<^ and Hub occnis in the 
glacial deposits of EngUnd. The allied genus Myoemf^ 

is characteristic of the older secondary i-ocks, and liipi)o- 
juMlium of the lias. 

The Ve7ierid(€ are pre-eminenly characteristic of the tertiary 
and present period. Some obscure species of Venus tote found 
in the oolites : hetter marked species of Cythena occnr in the 
gieensands; Arimu, Trtgona, Lueinopns, Vmerupis, and 
T<ifM9 appear in the middle tertiary ; Petricola in the eocene. 
The only extinct form is GraUUmpia (fig. 20, 8), which differs 
but little from Trigtma. 

The Mactras mid '!'( lb us are also comparatively modern 
groups ; most of the supposed oolitic species belong to the 
iMcvMda^ except Soiwerbya (fig. 20, 5)> which has a pallial sinus^ 
and ia fonnd in the oolites of Malton and Portland. Ptamr 
mobioB and Mmodtanm oocnr in the greensand; Donax and 
S^n/dom/ffa in the eocene; Qagtrana Venenipis, Lam.) and 
LutraruL m the iniocene. Lutraria nnjom^ still li\ ing on the 
coast of Portugal, is fossil in the raised btuiches of Sussex. 

The oldest forms oi" razor-fish (Solaiida^ are those with 
the transverse internal rib (^SoUcitrfiLs)^ which occur in the 
neoeomlan, whilst tme Solens and Qlyeimem appear first in 
the eocene sttata. The genus Mfo, as now restricted to the 
species lesemhling if. arenariat are only met with in tho 
newer tertiary. Coihula ranges upwards from the lower 
oolites; Nca^ra api»«ukr8 in the upper greensand; and Thctu 
(=Poro)in/a, Forbes) in the neocomian. 

Above lOU species of Panopcra (a genus essentially like 
Mya) have been obtained from oolitic and tertiary strata in 
all parts of the world. They are with difficuUy distinguished 
from those equally ntuneiouB fonns of Anatinidas which have 
been associated with Pkoladomya on account of the tenuity 
of their finely-granulated valves; they constitute the genus 



Digitized by Google 



78 



PALiCONTOLOGY. 



Uyaeik$ (Bionn), and occur in the palaeoxoic anU secondary 
locka; aome of the oolitic and ctetaceona apedea aie diotin- 
gnished by Y-ahaped fdrrowfl (fig. 20, 6). Still more numeniiia 

are the fossil forms of Plwladomya, which range upwanls from 
the lias, but are reduced to a s;inglo species now living in the 
Caribbean seas. Shells with the um bones fissured like Anatiiia 
also occur in the oolites. Pandora first appears in the older 
tertiary. AmoDgBt the extinct genera referred to this fiamily 
are the Silurian Qramm/ffiia (fig. 17| >«), with valves folded 
tranaversely; the carboniferoua Edmumdia (% 17» u), with 
large oblique cartilage plates; the palaeozoic Oarditmorpha, 
shaped like likjcardui; and the oolitic Keromt/d (Afi.), which 
also resembles the heart-cockle in form. C< nomi/a is an uulitic 
Anatina, with the posterior end of the valves much attenuated. 

The genua QaUirochmn^x, appears in the lower oolites ; and 
casts of its borrows are frequently preserved alter the deoom- 
posildon of the coial in which they weie made. CUuoagtUa 
dates from the uppei greensand, and As^nnjillum from the 
miocene, Saximva is found in the newer tertiary and raised 
beaches of Northern Euiope ; and the great species commonly 
called *' Panopcea* Korwegica is a characteristic fossil of the 
newer pliocene of Britain and Greenland. 

The Pholadea and ahip-worms appear first in the oolitic 
atrata. Fonns resemUing the recent MaHma striata have 
bean discovered in fossil wood of the liaa and Speeton clay. 
JouamuHa (Deem.) waa first known as a miocene fossil ; and 
Pholas occurs in the older tertiar)\ Extinct s]>ccies of Teredo 
are found in the silicified wood of the greensand of Blackdown 
and in the fossil palm- fruits of Brabant and Sheppy. The 
drift-wood of the London clay is usually perforated by the 
ahip-wonn, and also by an extinct form {Tendma^ fig. 20^ 9)* 
which resemhlee Marieaia in possessing an umhonal shield : 
when adult it not only closes the anterior pedsl opening, but 
also cements its valves to the shelly lining of its burrow, like 
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Ml AapergUlum. Specimens have been obtained in which the 
whole interior of the valves and tube had been excessively 
thickened towards the close of life by successive layers of 
shell. 

Class III— ENCEPHALA. 

About three-fourths of the MoUusca are ** encephalous," or 
have a distinct head, commonly with eyes and tentacles, and 
the mouth has a peculiar and complex preparatory organ of 
digestioiL 

The mantle, properly so called, is the free fold or folds of 
the skin, produced usually from the dorsal surface, and is in 
functional relation with the breathing organ and the shell. 
By the preservation of the latter we learn that the encephalous 
grade of molluscous organization dates from the deposition of 
the old Silurian beds now forming the Llandeilo rocks. 



Sub-Class.— PTERO POD A. 




The Pteropoda are so called on account of the resemblance 
of their principal organs of C 
motion (fig. 21, C) to a pair of 
wings, both as to form and in 
their mode of action on the 
surrounding medium. They 
are small marine floating 
species, and might leave evi- 
dence of their existence in 
deposits of the deepest oceaiL 
The greatest extremes of form 
are presented in this order, — 
some species of Ifyalcta (fig. 
22) being almost globular ; others, as certain Cieodorw being 
very long and slender. The shell is always characterised by 



Fig. 21. 
Ilyalfta tridtntcUa, magn. 
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the delicacy and traii.spaieiicy of its texturt'. It deviates 
least from the oi-diiiary form of the spiral univalve in Sjn- 
rialis and some allied fossils. In Limadna the turns of the 

shell aie reduced to one whod and 
a hall In Hjfolma (fig. 22) the 
shell lesembles a bivalve^ in which 
the two valves have been cemented 
togetlier along the hinge U•a^'ing 
a narrow fissure in front and at tlie 
sides. The ventral valve, fj, is most 
convex, the dorsal one, /, most produced, o^ erhangiug the fis- 
sure-like opening, t]ir()ii<:h which the head and swimming 
lobes aie protruded. In Ckodora the shell is nairowed and 
lengthened out^the two plates being united together along the 
sides, 80 as to leave only an anterior aperture. 

FossO shells of both HyakBa and CUodora are found in the 
newer tertiaiy of Italy, with Vagintlla (fig. 28, ix), a form 

allied to Curicna (fig. 23). But 
tlu' occurrence of Pinajtodn in 
the older mcks is attended with 
considerable obscurity. The Eu- 
omphali (fig. 26, 4), which charac- 
terise those rocks, have multispiial calcareous opercula, like the 
recent Cydorirma {=Admrbiii), The genus Madwrm (%26,9), 
which has been regarded as a " left-handed" EuomjiluUmt is pro- 
bably very different ; it has a thick shelly operculum, sinistrally 
spiral, and funiished with an internal process, as the Nerites 
are; the .spire is sunk and concealed, whilst the whorls are 
exposed on the flattened under-side; it occurs in the older 
Silurian rocks of Scotland and North America. In Etumphilus 
ri'^/ostiSy from Illinois coal-beds, all the volutions arc exposed 
in the wide and shallow umbilicus. EccuUomphaltu is like 
an incompletely convoluted EwmjhaUu; Madwta is like 
Suomphalus with a depressed spire; the sheUs called Theea 
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are slender and conical ; Pterutheca hixA a wing-like expansion ; 
and Conularia (fig. 2G, lo) is a four-sided sheath, with the 
ajiex partitioned off, as in the recent Cuvieria. If really 
pteropodous, these shells are the giants of the order. 

Sub-Class.— GASTEROPODA.* 

In the encephalous Mollusca grouped together under the 
above name, the muscular disc for creeping is developed from 
more or less of the venti-al surface of the body. 

Afterrani Order. 

In the Nuclcdhrnnchintn, here exemi)lified by the oceanic 
Atlanta (fig. 24), the ventral foot is as little develoi>ed as in 
Prifumod^^rmon and some other Ptno^mla. 




Fig. 24. 

* AUarUa Keraudrenii (niagn.) 

Thei*e are two existing families of nucleobranchiate Mol- 
hisks ; the Firotida, with large and unprotected bodies ; and 

• Gr., gatter, bellj ; potu, foot. 

Q 
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the AUatUiddB, which can retire into their shells and close them 
with an opercnliun. The known fossil forms belong chiefly to 
the latter division. Both animal and shell are symmetrical, 
or nearly so ; the nucleus of the shell is minute and dextrally 

spiral. 

Tlie soit jiarts of Af^'uit'/ are divisible into a ^'somatal" 
and a **palliaP region. In lig. 24, the foniier or cliief ileshy 
part of the body is out of the shell; the pallial or visceral 
part is in the shell, which latter is an appendage to it The 
"soma" is divided into the cephalic A, pedial and the lid- 
bearing tail or operculi^crous lobes e,/ Tlie head, or cephalic 
lobe, includes the mouth-inass ^, the tentacles h, and the eyes 
/; the foot is divided into the "liii" Ji, uiid the "disc" d: the 
tail includes the ** leal " c, and tlie " lid" or opercule /, witli its 
surface of attachment, / is tlie giUlet, m the crop, 71 the 
stomach, 0 the intestine^ |» the liver, q the kidney, s the hearty 
h the branchial chamber, t the gill, u v the chief ganglions of 
the nervous system. The shell of the Atlanta, besides the 
beauty and symmetry of its shape, purity of colour, and 
delicacy of texture, is remarkable for combiniiiL( twu conditions 
of shell-tissue; retaining a lari;e pmpoilion <>f the luuutli, or 
last-formed juart, in a sf)it tlexible quasi-caitilaginous state, 
the rest of the shell being vitreous. Only the body-part, 
therefore, could be expected to become fossilized, and this 
circumstance should be borne in mind while comparing those 
ibflsil univalves, which in their symmetry resemble the 
KautUuSy but are unfurnished with air-chambers. Such most 
prubably belong to the Nucholrran^hiata,, and espe* ially to 
that division ty pitied by the Atlanta. The genus rorallia^ 
characteristic of the carboniferous age, has :i diseoidal shell, 
A\ itii a spiral nucleus projecting, as in A thmt", from the right 
side ; the whorls are exposed, and marked with a narrow band 
along the back, ending in a deep slit (fig. 26, Another 
genus {Bdlcropfum) resembles the recent O^i ygyrus in its more 
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globose iuim, with a similar iiariuw unibilii.us uii l ither side 
(fig. 2C, 7)» wantiiifr, liow i n or, in B. nodomriiuUus of the 
Uliuois coal-beds. Sometimes the ehell is thin and. thc' a])('r- 
tare expanded, like a trumpet, whilst other species are globu- 
lar and solid ; the former may have been tenanted by large 
animals living at the surface of the open sea, the latter seem 
to have been more adapted to protect their owners crawling 
over the bottom, for it can scarcely be insisted that all were 
necessarily floaters on account of their organization. The 
ispecies of Bclkroj^hon are numerous in all the pala-dzoic rocks, 
and soiiu' of tlie sniallcr kinds appear in have been gregarious: 
those witii disconiieeted whorls have been called Cyrtolit^s 
(Conrad.) The Bclicrojjhina of d'Orbigny (fig. 27, u), is a 
minute shell found in the gault 

The fiimily Fvrolidas includes the Nudeobrsnchs in which 
the shell is wanting; or uncalcified* or is very small com- 
pared with the bulk of the animal A single species of the 
genus Carinaria^ the most beautiful of the group, with a 
hyaline shell shaped like that of the Argonaut, suspended 
from the )>ody, has been found in the middle tertiaiy of Turin. 

Normal Orders, 

In the n^jority of Gastropods the shell is a spiral uni- 
valve," the varieties of which ate shewn by an immense series 
of fossils. The most simple form of univalve shell is the cone, 
whicli may be much depressed, as in the genus UmbnUa, or 
extremely elevated and contracted, as in Dento/mm, or of more 
ordiiiarv proportions, as in the limpets {Patella). The a]iex of 
the cone is always obi i(|ue and ('''centric ; directed, in limpets, 
towards the head, but in other Gaslri>})ods towards tlie ojiposite 
extremity of the body. The spiral univalve is couvt)lnt( d, 
sometimes in the same piano, as in Planorhis, but more usually 
in an oblique duection, as in TrUon (fig. 25). The apex of the 
shell a is formed by the nucleus, or the part which was deve- 
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loped in the egg. Tlie spiral turns of tlie shell w, w are called 
" whorls," the last u\ ac being the body-whorl." Tlie lines 
or grooves formed by their junction are the "sutures," «, s. 
Tlie "whorls" al)ove the body-one fonn the "spire" of the 
shell, pc to a. 

As a general rule, the spiral univalve, if viewed in the 
position in which its inhabitant would carry it wei-e it moving 
fonvanls from the obsen'er, is twisted from the apex down- 
wards from left to right, the spire Ixnng directed obliquely 
towards the right : but in a few genera, c.7., ClausUUi^ Physa^ 
the shell is twisted in the opposite direction when it is 
called "reverse" or "sinistral;" some individuals of Bulinus, 
Pnrtuhy and Pupa^ and a few marine species, e.ff.^ Fusvs sinis- 



ac) and an "inner-lip ;" the latter oftVi's a smooth convex sur- 
face, over which the foot of the Gastropod glides to reach the 
ground. In many univalves, including most vegetable-feeders, 




trosiis, are sinistral. The part ai*ound 
which the spiral cone is wound is 
termed the "columella, 0;" it is ex- 
posed by removal of part of the shell 
in fig. 25. This central pillar is some- 
times simple, sometimes grooved, 
. sometimes plicated ; in some shells it 
^ is solid, in some hollow, as in Solanum 
and Dol /K7«,whcre the narrow elliptical 
aperture of the columella is .seen to 
the left of the wide shell-aperture ; it 
I is termed the umJjilicus. In Solarium, 
as in PhUippia, the apex of the shell 
is inverted, and can only be seen by 
J looking into the umbilicus. 



Fig. 25. 



Triton. 



The wide aperture which forms 
the base of the spiral univalve is 
bounded by an "outer-lip" (fig. 25, ^>r, 
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the aperture of tlie shell is entire; in dihers it is iiiterniptetl, 
the left side being formed only by tlio "body-whorl or the 
*^ peristome" (as the niaigui is called) may be broken by a 
notch» like that which separates the outer lip from the 
umbilicus ; or it may be petfomted by one or more holes ; or 
a portion of it may be produced into a canal or siplion; 
this (fig. 25, «c,) is sometimes termed the ** anterior canal," and 
the notch or hole at the opposite end of the })erist^nic is called 
the " posterior canal "^w. Tliese modiliciitious are important, 
on account of the constimcy of their relations to certain ( on- 
ditions of the respiiatory organs. Thus all the pectinibraiichi- 
ate Gastropods, in which the water is conducted to the shell 
by a muscular tube or siphon, have the margin of the aperture 
either notched or produced into a canal, ae: the posterior 
one, is anal in its function (Triton, Sira7)ibida) : sometiraes 
it is n^presentcd V>y a slit (Scismrellc/), or it is a tube {Ti/j>hm), 
or a perforation (Fi^ureila), or a series of holes, as in Halioiis. 

The relations of these modihcations of the univalve shell, 
which anatomy has made known, enable us to jndge in a 
general way, from a fossil shell, of the sphere of existence, of 
the respiratory medium, and to a certain degree of the food 
and habits, of its extinct constructor. The Gastropoda, which 
first appear iu tin I'.ikeoisoic .strata liave entire mouths ; the 
feiphonated species are not found lower than the Lias, and 
they go on increasing in numbers in aud fixjm the Tertiary 
series to the actual sea-shore. 

Fossil tmivalves — the remains of spiral and limpet^like 
shells — are not wanting in any but the very oldest fosaili- 
ferous. rocks (*lingula flags"). From the lower Silurian, 
where less than 100 species referable to scarcely more than 
ten genera, are I'oiind, they increase in number and variety 
blowly anil regularly up to the newer tertiaries, which have 
afforded ten times as many genera aud twenty times as many 
species. The total number of fossil marine univalves is less 
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tliaii GOOO; the i-eccnt excRi»d S(l(M); and altljou^'li wo tiuiv 
expect to discover more iww fossil s])cti(.'s than recent, yet it 
id evident that, in comparifiou with past conditions, the group 
of nnivales has only now attained its maximuui development. 

Between the extinct and living air-breathers the numerical 
discrepancy is still greater. About 300 land-snailSp and half 
as many fresh-water Pulmmii/eroy are enumerated in the fossil 
catalogues ; but the greater part of these are recent species, 
and the whole l>ears but a small pr(>jM»i ti<tn to the number of 
living land-snails, which exceeds 4000. That many more have 
formerly oxisted is indicated by the fact» that the fossil land- 
snails of the older tertiacies of Europe are entirely different 
from their living successorB^ and most nearly represented at 
the present time in the West Indies and BraziL The generic 
forms peculiar to oceanic islands (remains of old continents) 
are more numerous than those of the mainlands, as if this 
order had once been more imiKnlant. But the circumstances 
favourable to their petrifaction must have been ot such mre 
occurrence as to preclude the probability of attaining more 
than the scantiest information concerning them. 

From the laige proportional number of living Gastro- 
pods, and the great amount of information which has been 
obtained of late years respecting their structure and habits, it 
might be expected that the affinities of the fossil imivalves 
would be easily worked out, and their indications lully 
interpreted. Such, however, is not the case. Univalve shells 
present no internal markings, easily accessible like those of 
bivalves, and exhibiting the essential characters of the soft 
parts; and their external forms are often so overlaid with 
ornament, and disguised by mimetic characters, as to mislead 
upon a first examination. Shells of any family may be 
limpet-shaped, or tuneted, or discoidal, plain or ornamented. 
It is more de^irablo tn ascertain win ther thev have been 
nacivous or porcellaneous; whether the aiH.*x (or ihucktis) 
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presents any peculiarities; and if operculated, whether the 
opeicnlnm was pauci- or mulU-spiial. 

The earlier describeis of fossil univalves unhesitatiDgly 
leoognised many fiunillar recent genera, even in the older 
rocks. Bat their Mdtmim were marine shells; the supposed 
Bucctnnm had no notch ; tlie were pearly ; the Xeritct 

assiuiK'd, when adult, the iire^ailtir ain'iture of PUeopsU ; the 
Naticai had nou-spiral opercula; and the Maclurea was 
figored upside down. 




Fig. 26. 



I. Loxonema I>L'feburei, L&v. ; Carhoni/eroui, Toiirnay. 
ft. MaorocheiliiN Srhlothcimi, irArch ; Deroinan, Eifol. 

3. SeoUoatoma cxpaiuiilabrum, S<l;rr. : iJevoniati, S&smm. 

4. Enompbala* sculptus, Sby. ; Wenlock Limt$Ume, May Hill. 

5. Murcbiaonk aagalata, Ph. ; D09€memt Eif«l. 

6. Poroellin Pu/^si, L^v. ; CarlxtHifercm, Tournay. 

7. Belleruphon bi c ariiiatii>., I / v. ; Carboniferout, Toamsy. 

8. Tubiou armato, Ban*. ; L'. tiilurian, I3obemia. 

9. KMlanft Ftaohii, Sdter; L. BOmrkm, SttUieriaiuL 
10. CondarU qaadriraleato, 8bj.; Curhomyiinm, LuuA. 

Tlic Mioic closely i)ah«'o/oir univalves are examined, so 
much the more do they ai)pear to difler from oitlinai^' recent 
types; and the search for allied forms has to he conducted 
amongst the rare and minute and least imderstood of recent 
shelht. 
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StromMdw, — ^The Strombs with their massive shells, never- 

tlu;lcas, resemble tlif tni«xilc Nucleobranchs in some respects. 
They liiive the sauif lin^nial dtMit itinii, aiul tlie same carni- 
vorous habits ; and though living on the sea-bed, they rather 
leap than glide, having a narrow sole and a deepiy-divided 
operculigenms lobe. Characteristic of the wanner zones of 
existing seas^ they are only found fossilized in the newer 
tertiary strata of countries south of Britain ; but there is a 
group of little shells related to the recent Strombus fisawrdlus 
in the older tertiaries of London, Paris, and America, to which 
Agassiis has priven the name Rwulla. The allied genus of 
scorpiou-sliells {Flif'oct ra)y now peculiar to easteni seas, has 
bijuu described as fx^curriug fossil in the secuudary strata of 
Euio|H' ; but the extin( t species appear to be more nearly 
related to Aparrhais, This g^nus, now confined to the 
western shores of Europe, occuia in aU the tertiaries, and is 
represented in the secondaiy rocks by many remarkable 
forms. Some have beeu separated under the name Alaria^ 
and to this group the so-called PUrocera Benileyi may perhaps 
be reft riiHl (tig. 27, »). liosti lJaria and SenijfJis (or Terchellum), 
now peculiar to the lied or eastern seas, are conspicuous 
fossils of the European eocene, at which time their range 
extended to America. Some of the ancient l^tstollarias have 
the outer Up enormously expanded, as in the it ampla (Hip- 
pocrena) of the London clay. In the oolites and chalk theie 
are slender fusiform shells (Spini^em, d'Orh^ fig. 27, t) with 
spines on the sides of the whorls, as in some recent ManeUw, 

Muncifla'. — The gi-eat family of whelks, by far the most 
important gixjup of living sea-shells, is scarcely of higher 
antiquity than the « 'n ene tertiary. The Purjmrimi of the 
oolites (fig. 27, 3), and Columhcllina of the chalk, aie extinct 
genera somewiiat resembling Pvrpvra and Columbella. But 
since the soKialled ** cones" of the oolites have proved to be 
Tomtf/efftr^ it may not be unreasonable to distrust these other 
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pivsunu'd alHnities. The huge univalve of the chalk, wliich 
Sowerby caUed a Dolianiy has been described as a Fterocera 
by d'Orbigiiy. In the tei-tiaries siphonated univalves abound, 
and are mostly lefeiable with certainty to recent genera. 
The only marked change oonaists in the comparative abnnd- 
ance of some scarce existing fonn8» and the absence or rarity 




Fig. 27. 

Secondary Univalve$. 



I. Spiuigera, sp. ; Oxford C^, Cbippenhaiu. 

s. Aim Bratleji, M. aiul L. ; Oreai Oolite, Coll7w««too. 

3. Parpnrina Morrini, Buv. ; Great OolUc, Minchinbampton. 

4. Nerinaea Ikiintrutana, Thuriu. , CoraUian, pDlaiid. 

5. CrosHostnma IVatti, M. and L. ; Great Oolite, Minchitiliaiiii>ton. 

6. Truchulumu cuuuluidcs, DchI. ; Grtat Oolite, Miuciiiuhamplun. 

7. Neritonw binniMta, But. ; Oa^ordutn, Ardennes. 

8. Pileolns plicatus, Sby.; Great Oolite, AncHflT. 

9. (^iiiiilia incrassata, J. Sby. ; /'. Greengmul, Blackdown. 
10. ActcoDina coDcava, Denl. ; LUu, Sormaady. 

It. Bellen^UiM inianU, 8bj. ; OmA, VkAkutone. 

of many now most oonspicuons. Moreover, the geographical 
distribution of the genera has undergone a great change since 
the close of the eocene period. This change is most notice- 
able in the cold-temperate sone, and is evidently the resnlt 

of altered climate. The nortlieni seas must ever have been 
inclement, and the tmpical seas always tropical ; but tlit- 
latitude of England, being most liable to vicissitudes of 
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cliinati*, luiglit be expected to sliew the greatest variety, 
and the luost complete aud rapid alterations of oi^aiiic life, 
lu the London clay are found many species of ClaveUOf 
TiffJiM, MUra, Paeudoliva, Olioa, and Ancillaria; and some 
extinct forms (Leiosloma and Sirqmdunt) related to Fusus, 




Fig. 28. 

Teiiiarjf Umvaibm. 

I. Nautilus (Ataria) zic-zac, Sby. ; Eocent^ Britain. 
» a. Nautilus zic-zac, front view of a septum. 

3. Conorbia dormitor, Sol. ; Eocene, Britaia. 

4. Boraonia linemto, T. Edw. ; JT. JSoetme, Hanta. 

5. Volutilithes luctator, Sol.; Eocene, Britain. 

6. Natica (Do'^h.ivcsi.i) rorliL-aria, Brongn. ; Eocene, N. Italy. 

7. Turritella (Broto) cathedralis, Brongn. ; Miocene^ Bordeanx. 

8. Nerita (Velates) porrersa, Gm. ; Eocene, France. 

9. Helix (Ljcbnas) Mallioroni, Rcq. ; Eocene, S. Franee. 

10. Fcrussina tricarinata, M. Br.; Miocene, HooUieim. 

11. Volvaria bulloidos, I-ain.; JSlocen*, Grignon. 

12. Vaginella depressa, Bast. ; Miocene, Bordeaux. 

The middle tertiary, wanting in England, bat laigely deve- 
loped in Central and Southern Europe^ also contains many 
i^cnera belonging now to warmer latitudes, and many .species 
.still living in the south. In the newer tertiaries of Kurope 
tliese sontliern forms disappear, and are gradually rc^thu ed by 
others of an opposite character ( Tri»j>hon,2\^cpiunia, and Triduh 
tropis), now inhabiting the Arctic and boreal coasts. The entire 
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number of fossil Mui icula' amounts to 10()0, or about half as 
many us the recent. Tlie older tei+iaries of Kiigland al;^o 
contain species of Triton, (Jassidariay t'anceiiaria, and Ft/ntla, 
shells (now foreir^i to om aeas), which have formerly been 
indaded in this family. 

Comdas. — The Cones and Pleuiotomas appear first in the 
chaQc» and aie abundant in the eocene, accompanied by an 
intermediate form (ConorhU, tip;. 2.s, 3), and another extinct 
snb-genus {Borsonia^ tiLT. 28, 4}, in whirli the colunin is 
plaited, as in MUra, The genus Tercbra is more common iu 
the miocene. 

Volutidas4 — The Volutes al»o appear as cretaceous fossils 
in Europe and Sonthem India; they are veiy abundant in 
the London clay, and one oocuib in the English crag. The 
ancient species (fig. 28, 5) are mostly distinguished by their 
Hpires bein^' acute, as iu MUm^ a peculiarity only found in one 
veiy rare livincr (V) species, dred^i'd tiuiii a l>ed of dead .shells 
in 132 fathoms water (792 ieetj oti the Cape. The cmg Volute 
resembles the Magellanic fonu. Cymba olla, the only living 
European Volute, is a fossil in the pliocene of Majorca. 

CyptwidoB* — The Cowries form another gionp of sub- 
tropical shells once common in the temperate zone. Several 
large species are found in the London clay, most nearly 
related to the soutlicin Cifprovuh ; whilst the cra«i contains 
only nit inbers of the sub-genus Trivia^ one of which still 
lives on our coast. 

As regards bnlk, there are im fossil species of Fusiu, 
Triton, Cams^ Strombvs or VolutcL, to compare with those of 
the present day. The fountain-shell'' (Stromlm giffos), of 
which so many are imported from the West Indies for the 
manufacture of cameos, may weigh 5 lbs. 

Hohstovinfa* — Tlie round-mouthed shells, whether aniiuui- 
feeders or vegetarians, makf a cons|)icuous tigurc amongst the 
• Or. Aofoi whole, and tUtma inotttfa. 
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fossils of an earlier period tban that in wbich the kst group 
began to flourish. The carnivorous Naticidcc and Pi/ramidri- 
li(l(r are repn 'seated in tlic ]ia]a-(>wic strata by X'ffiojt.'^U, 
Laanu-ma (fig. 20, i), and Maerodicilm (tig. 26, ») ; most of the 
species of the latter genus from the coal-measures of Ohio and 
Illinois are more ventnoose than the one figured fiom the 
Devonian bed in Geimany. The oceanic violetHmail {lanr 
thina), so unlike any other existing sheU-fish, seems related to 
the Silurian SealiUs^ BaphigUma^ and Hohpea. Shells like 
Scalariu and Solarium occur in the ti ias and uulite.s asbociated 
Avith ChmnnU^iAij (^) of extraordinary size, and species of 
Eulima and Xi-st). Thest^ laiuiiies of shells and the Ceri' 
thiadcB are more abundant fossil than recent, the known 
numbers being 1500 extinct and 900 living forms. Solarue, 
with disconnex^ted whorls and pyramidal opercula {BifrofUia, 
Dh,), are common in the eocene tertiaty, and a single living 
species {B. zandcta) has been discovered by M*Andrew. 

Amongst tlie tertiary Xaticas arc many with an (Aili([iu' 
aperture and pecuhar perforation {Giobultis, J. Shy., = A rnjnil' 
Hnay VA.) and otliei-s witli prominences on the pillar [Deshaye- 
sia^ fig. 28, 6). The Nerinceas of the oolites are remarkable for 
the spiral ridges (like the "worm" of a screw) winding round 
their interior, and giving rise to the variety of singular pat- 
terns seen in sections (fig. 27, 4)* A similar structure exists 
in the recent ** telescope-shell" (TerdraHa). The fresh-water 
univalves of the Wealden and oldrr teiliarics iliflVr Imt little 
from their recent congeuere of the genera P<iluiliiia, Po/(f 7/u'J''f^, 
Melania, and Mclanapsis. Fossil TurriteUm are of doubtful 
occurrence before the tertiary ; the Silurian species have the 
peristome complete {HohpeUot M</.); another fonn (Ptv^, 
fig. 28, 7) is characteristic of the miocene. Fossil Trockidoi 
are veiy numerous, but hitherto many Liiofrinidat have 
doubtless been included with them. Perliaps no tme Turbo 
is known from strata befoi"e the cretaceous. 
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The bonnet-limpets (Calt/pintidiB) ate common In the 
old Fockfl^ wMcli also contain a few species of Chiton and 

shells like DciitaUum, The Dcntaliinii jn unaHum is from 
Devonian limestone of Illinois and D. ohsoletum from the 
coal measures of the same part of Noith America. One 
common feature of the paleozoic spiral shells is their 
tendency to become iir^gular towards the conclusion of their 
growth: in SetfuUma {^Phaim^imttit Sby.), the whorls are 
all disunited; in Seoliottoma (fig. 26» 3) and dUaniotioma the 
aperture is expanded. Some small oolitic shells have a thick- 
ened peristome (CrosAostoma, fig. 27, 5), like the recent Lutio^ 
which comnienres in the older tertiar}'. A large proportion 
of the trochiform fossil shells have their whorls, whether round 
or angular, marked by a peculiar band, usually terminating in 
a deep slit at the aperture; most of these were solid nacreous 
shells belonging to the genus Plewroiomaria, of which but a 
single species survives; others in their slendemess resemble 
TwrritellcCy and have been named Murchwonia Tfi^. 2(>, 5). 
The Pleurotomaria sjiJumilaiu of the Missouri coal-lnrmatioiKs 
has the aperture substromboidal and entire. Tlie carbonife- 
rous shell called Polytremaria has a row of holes in place of a 
slit; and the Silurian Tubma (fig, 26, <) has three rows of 
tubular spines. The Cirrus of the inferior oolite is a reversed 
shell with one row of similar ornaments; and TroAotoma 
(fig. 27, 6) has a perforation near the margin of the aperture, 
which is carried onwanl as the shell grows. Scis-'mrelh^ 
which is always diminutive and not pearly, makes its first 
appearance only in the new^er tertiary'. HaliMis occurs in 
the miocene of Malta. The Kcrttidcc appear in the oolites; 
besides true Kerites, there are NeriUmm (fig. 27, 7), with a 
channeled outer lip; PiUUu», which is perfectly limpet-like 
above (fig. 27, i) ; and NeritopMs, with its angular columellar 
notch most distinctly marked. Key-hole limpets {Fissurellidtt) 
occur as early as the carboniferous period, but ai*e vcrj' scarce 
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at firsts aud never become numeious. The oolitic Rimila is a 
minute shell supposed to be related to a veij rare living spe- 
cies. Ordinary limpets (PaUllid<B) of unequivocal- form are 
found in the Bath oolite, but are aflei'>^'artl8 less plentiful, and 
almost disappear from the tcrtiuries: M. (roibifrny regarded 
them as generically distinct, but euipl(<yi?d for them a name 
{Helcion, Mont.) synonymous with Patella. 

PuLmonifera, — ^The existence of air-breathing snails in the 
palieozoic rocks is shewn by a small "chiysalis-shell," with a 
round, not toothed, aperture {Dendr&pupa\ discovered by Dr. 
Dawson and Sir C. Lydl in a hollow coal tree of Nova Scotia. 
T jiw ards of 40 species oi Pupa have been fomid fossil in eocene 
str.iia. Tlie PurlxAk limestone contains a modern-looking 
Physa ; and otiier species of extraordinary size art; found in 
the older tertiary of France, and also in Centml 1 ndia, where 
the genus does not exist at the present day. Xhe fresh-water 
eocene of the. Isle of Wight and Paris has afforded many spe- 
cies of Lvm/naa and Planorbu; a Olandina rivalling in size 
the G. tnmeata of South Carolina ; a Cyclostoma^ with a sculp- 
tured operculuiu like the Cyclotus Jamaiccnsis ; and an elon- 
gated 8|>ecieb of the section Mrr/fdonuistoma, \^ liich is noM' liv- 
ing in both East and West Indies. At Hordle has been found 
the little Mdu: labtfrifUhicus, still living in Texas ; and in 
the south of JTrance occur representatives of the Brazilian 
genera Megaspim and An4xdomi(L, In the miocene is found 
another genus {Fcnasina^ fig. 28, to) resembling the lamp-snail, 
but supposed to be operculated. The Pidnumifem of the Eng^- 
li>1i pliocene are in a f» \v iiibtunces extinct, at least in England ; 
neiuly all are >\i\\ living liere, but niort- or letss abundant now 
than they were in the times of the mastodon and elephant. 
The extinct land-snails of the Atlantic islands Madeira and 
Porto Santo are associated with remains of many recent species 
occurring in numbers which have relatively altered, telling tiie 
same tale of gradual changes, affecting some species prejudici- 
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ally, but favourable to the iDcrease of others. The fossil land- 

snails of 8t. II(4ena wei-e supY>osed by Mr. Dan\in to have 
ome hiially extinct ciily in the last eeiitin-v, owing to the 
destruction of the native woods by the instrumentality of 
goats and swine. 

Teetibranehiaia, — The fieumlies typified by TonuUella, 
Ringicuia, and Bulla played a more important part in the 
secondary and tertiaiy periods, but their affinities have been 
seldom nnderstood. The cone-like Aefeonina appeared in the 
carbonifeiwis rocks, and attaincil a re mark a Mr development 
in tlie lias (iig. 27, »^). 'I'lu-v were succeeded by thv. A < /< oin l/u , 
with a plaited coluniclla, iu the cixtaceous stnda ; and by 
Volmria (fig. 28, n) in the eocene. The diminutive Ringiculdt 
of OUT seas were preceded by latge species of the same genus 
in the tertiaries, and by Cinvlia (fig. 27, 9). GkHnetmchOf and 
Tykntoma^ in the cretaceous strata. The genus Varifjera has 
varices recurring twice in each whorl, like EiUinm; and 
Ptcrodmiu is winged like Strvmbus. 

Class IV.— CEPHALOPODA. 
These are encephalous Mollusca, with locomotive and 
prehensUe oigans radiating from the head (6g. 29, U A)- 
The animal is divided into a somatal (m, () and pallial (m, o) 
portion. Hie former is chiefiy muscular. It contains the 
organs of sense, mastication, and de<:lntitiun, and, althoii;rrh it 
su}>))ort.s the oi'«,'ans of prehension and the chief powos of 
locojuotion, it is called the "head," {n, < wlience the name of 
the class. The pallial division, termed trunk," or abdomen, 
consists of a more or less muscular sac or mantle^ with a 
transverse anterior aperture^ from which an expiiatoiy siphon 
or funnel" projects; and it contains the respiiatoiy, gene- 
rative^ and digestive organs. The hranchiie are pinnatifid 
and concealed. The be.xeb are distinct. Al\ Cephalopoda aix; 
o\ iparous. 
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Order 1. — Tetrabranchiata. 

{Nautiloid Cephalopoda.) 

BrandiicnD in two pairs, witlioiit branchial hearts ; funnel 
formed hy a convolute muscular plate ; mantle thin, and 
feebly muscular ; no ink-ba<]^ ; arms verj' numerous, hollow, 
and with retractile tentaciUa ; mandibles with calcareous tips ; 
eyes pedunculate ; head retractile, within a shell, which is 
external, many chambered, siphunculate, the outer layers 
porcellaneous, the inner layers and i)artitions nacreous. 




Fig. 29. 
I/autiliu Pompiliun. 

Genus Nautilus, Linn. — Shell discoid, .•^ynnnetrical, with 
the apertures, sutures, and siphuncle, simple. The anatomical 
characters of the order are also those of the sole existing genus. 
It is the representative of numeix)us genera and species of 
chambered Cephalopods that abounded in the Pala'ozic and 
Secondar}' period.s, but which seem to have been superseded, 
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as camivoroufl MoUusks, in the Tertiary and recent periods 
by the pectinibranchiate Gastropods. 

The organization ui the pearly Natitilus (Nautilus Prm- 
piiivs) throws light upon that of the extinct AmmomUa, Ortho' 
ctratitet, LiimUs, TwrriliUa, etc, and poMeeae^ therafbie^ an 
extrinsic interest^ besides tbat wbich arises from the peculiar 
modifications of mollusootis stmctuxe which it presents. 

In fig. 29, representing the animal retracted within the 
shell, a c, shews the chambered part, h the last (jhanil^or, a tlie 
attacliiug nuiscle, c the crop, / tlie funnel, h the hood, t the 
tentacles, m the free margin ul the retracted mantle. 

Of the lower group of Cephalopods, possessing chambered 
shells similar to the peariy IfautUi, there are 1400 extinct 
spedeflg belonging to above 90 genera, while S or 4 species 
akme exist in modem seas. These fbssils resemble the NattH- 
lut, and differ tnm the dibranehiate SpinUa in the stractnre 
of their shell, which is com}« .5ed of two layers, the outer por^ 
cellaneous, the inner pearly ; whereas the Spinda — an internal 
shell — is entirely nacreous. They also agree with the NatUilvs 
in the relative capacity of their last chamber, which seems 
obviously large enough to contain the whole animal. More- 
over, it appears^ from the position of the siphnnde and the 
fbrm of the aperture^ that these shells were revolately spiral, 
or coiled over l3ie back of the animal, and not involute like 
the Spirula. No traces of fossil ink (sepia) or homy claws 
have been found a.ssociated with them, nor any indications of 
dense muscular tissue, even in the same matrix which has pre- 
served so complet<'ly the mummy cuttle-fish. By their form 
and siae thsy were ill adapted for rapid locomotion» and most 
have depended for safety on the shelter afforded by their 
solid sheU. The discoidal Ammonites attained a diameter 
approaching 3 feet, and the stndght-shelled Orthoceratites 
sometimes exceeded 6 feet in length. These latter must 
have lived habitually in a position nearly vertical; whiist 

B 
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the disootdal genera would cit'op over the sea-bed with 
their aiT-chambers above them, like a snail-Bbell leveised. 
The Ammotiitee appear to have been provided with an 
operculum, move eectire tiian the "hood** of the NautQns, 

<'oiTi|)osed, like it, of two elements, not> however, fibrous and 
(■' >iiilucut, but cakituxl and uiiitt-J l.y ;i straight sutuie. 
Tliese opercula, which have bt^en niii^taken lor bivalve shells, 
have a porous stracture altogether peculiar and are fre- 
quently sculptured on their outer convex surface; whilst 
iheii concavity exhibits only lines of growth (fig. 31, 7). 
Special forms of Apiyehus are associated^ in all localitiefl^ 
with particular species of ammonite; and their siee is adapted 
exactly to the specimens in which tlu y are found. Calca- 
reous mandibles occur in all the secondary strata, but not, 
hitherto, in such numbers or circumstances as to imply that 
they belonged to any other genus beside the true NatUiius, 
They are of two forms: those corresponding to the upper 
mandible (fig. 31, t) have been called ^BhynchoHtes* (PaUeo- 
Uuthds and RyfukoUuth%$ of D*Orbigny) ; whilst the lower 
mandibles constitute the genus Conc^AyncA^teir of De Bhun- 
ville (fig.. 31, 9). Tin' :ina« ol" the extinct Tetrahranehs may 
have been or^auized like those of the Nautilus, hut wvw 
probably h ss immerous in the genera "with slender shells, and 
in those early tonus with a small many-lobed aperture, The 
length of the body-chamber is greatest when its diameter is 
least; and the prominent spines which ornament the exterior 
are partitioned off internally by a nacreous lamina, indi- 
cating considerable motion of the animal in its shell When 
the outer shell of the fossil is reiiidved by decomposition, or 
the haiiiiiK r, tlie margins of the internal se])tn f'or paititions 
of the aii>chambers) are exposed; these maiginal lines are 
called " sutures." 

The chambered shells may be divided into two principal 
groups, viz,, those with simple sutures, like the recent nauti- 
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lus; and those with sutiirei*, lobed and toliacoons like the 
ff>s,sil AiiimuiiiU>s. In the former tlie siphuucle is central or 
internal {Le^ at the margin next the spire) ; in tlie latter it is 
external (ie., at the back of the abell, but ventral as regards 
the ammal, see fig. 29). There are, however, NauHli with 
lobed sutares (Atwria, Broun, fig. 28, i) ; and some with an ex- 
ternal sipfannde {Crt/ptoeertu, d'Orb.) And on the other hand, 
the sutures of the Ammonite are at first very slightly lobed, 
and l>ecome progressively more complex; so that specimens 
of the same s]>ecit s have been referred to three genera — 
QoniaHUs, CeraliU^, and AmnumiUs — aocordiog to their 
age. 

With the exception of Oatiiaiiiea, the AnmoiMiida! are 
peculiar to, and co-extensive with, the secondary strata; while 
the NauHlidtB, with the exception of NmOUuB and Aturia, 

are confined to the paheozoic rocks. But the palajozoic so- 
railed Nautilidoe exhibit peculiaritias supfpfcsting very wide 
ditlerences fix)m the modern pearly Nautilu«. It has been 
proposed to associate the greater part of them with the Oriho- 
eerala as a distinct family, but at present the data are defec- 
tive, like the AmmoniiidWf their sheila assume almost every 
conceivable form and curvature, and the genera founded on 
these characters are very ill defined. 

XaiUilidcc. — Some of tlie carboniferous Nautili liave a 
square baek, and the "svlicirls eitlu r compact or open in tlie 
centre (fig. 30, i) ; whilst the hist chamber is more or k'ss 
disunited. The species with the whorls quite disunited con- 
stitute the genus Tri^omeeraa, M*C. ( = NaviiUHxrni^ d'Orb.) 
The Silurian genus TroehMtras, Barr, is a spiral Nautilus. 
Clfmen4af a characteristic Devonian fossil, has angular sutures 
and an internal siphunde; it may perhaps be coiled up 
ventrally like the Sj'trtda. The tertiarv shell called Nautilus 
zir-zrrr (Aturi^f, Br., fig, 28, 1, *\ which is s<> widely distributed 
in Europe, America, and India, has a siphuncle nearly maiy 
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ginal wben young, but gradually 1)eoomiDg more centnl in 

the adult; it has no special relation to Clymaiia. 

Orthocrratidcc. — The siuiplest foim of Orthoc^ras is like 
a Nautilus unrolled; and LUuiUs (fig. 30, z) is tlie same 
with the apex spiiaL Those species of Orthoceraia in which 
the apertoie is contiaGtedy form the genua Apioeeraa, Fiacher 
(^Poterioeenu, M'O.)* or vhen alao curved, the Oneocera$ of 




Pig. 30. 

I. Nautiloccras Omalii, do Kon. ; Carlxtniferoua, BelgiaiD. 
z. Lituites (Breynius) ; U. SUunan, Sweden. 

3. Section f^CSyinenift, tbttwioginteiiial riphanole ; Sknomim^ Peflimirin. 

4. Section of rnninrfMrcras duplex, Wahl.; L. Silurian, Russift. 

5. Siphuncle of Hunmia Ui>;sbyi, Stokes; with outline of slicU andaepUi. 

6. Siphuncle of Discosorus, Hall ; U. Silurian^ Lake HuroD. 

7. FhimgmooerM ventriooMiin, Shy. ; L, LmBow ndt, Herafbrdthire. 
t. Gyrooerai BMitaM, d'Anh. ; Devonian, Prasaia. 

9. Ascoceras Bohemicnm, Barr. ; U. Silurian, Prague. 
10. Qoniatite*, Uenalowi, Sby. ; Carbom^enmi, A«turiM. 



HalL In Barrande's genua Aicoeeras (fig. 30, 9). the shell is 
flaflk-ahaped, the chambered and siphunculated apex being 
apparently deciduous; the aperture is contEacted, and the 
air-chambers occupy only the dorsal half of the ahelL In 

Phraginoc€ras (fig. 30, 7), the shell is slightly curved to the 
ventral side, and the aperture is remarkably contracted, the 
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opening for the respiratory fuunel being nearly distinct 
the cephalic apertnie. In Cyrtocerm the curvature is dorsal 
In fiome other memhera of this fiunily the dphnucle 
attaina a remarkable siza or extiaordmaiy oomplezity. In 
ComaivemM (fig. 30» 4), the dphunole is lateral, quite simple, 
and equal to half the diameter of the sheU. Casts of these 
givat aiphuiicies were called **Hyolites" byEichwald; they 
fa^queutly coutain small shells of Orth/Krnis, Bcilcrophon, tmd 
other genera. In some species the siphuncle is sti^ngtliened 
internally by repeated layers of shell, or partitioned off by a 
aaccession of fonnelHihaped du^hragma; these constitute the 
genus JSfutoeeroB of Hall. The same author has gtven the 
name Diaeosonu to a fossil which is evidently the siphuncle 
of some very delicate and perishable chambered shell (fig. 2, 6). 
In thojie Ortkocrrafa with siphuncles most nearly resembling 
the Discosorm they diminish rapidly towards the last chamber. 
Perhaps the most remarkable fossil of this gi oup is the Hii- 
romia (fi^ 30, s), found in the upper Silurian limestone of 
Drummond Island. Siphundes 6 feet in length and li inch 
in diameter, stand out in hold relief from the cli£b; they are 
silicified, and are unaccompanied by any vestige of the shell, 
except in one or two insUmces, where the septa are faintly 
iudicated by culourcd lilies. Tliey are sometimes overfrrowii 
with coiul, and were evidently so durable as to remain uu the 
sea-bed long after the shell itself had decayed. The joints of 
the siphuncle are swollen at the upper part, and the interior 
is filled with an irregolarly-xadiated structure^ apparently 
produced hj the plaiting and calcification of the lining 
membrane. This structure also exists and is very regular 
in the siphuncle of the Devonian Orthoceras Irigonale^ in the 
shells referred to (ii/iuceras by d'Orbigny (fig. 30, 8) and 
in Actinoceras. n ^nlngeniis of OrfJuwrrns, discovered by Dr. 
fiigsby, and described by Stokes.* The plication of this 

• Geol. Trant., vol. i., ISSS. 
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iuterior stnictiu-e takes place in segineuts corresponding to 
tlu* SL'pta, meetijip in tlie centres of the eiphuncular beads, 
and leaving spaces or foramina for the passage of blood-vessels 
to the liniiig membnne of the air-chambers. In the carboni-' 
feioiia AeHnoeeras giffonimm, these foramina fona a croes oh 
the ventral side of the siphoncle. The vascnlarity of the 
lining membrane is well shewn in the impression of septa on 
the fine mudstones of the Lmllow rock, often mistaken for 
Spcngaria, which they somewhat rcsriii])!^. 

Towai*ds the conclusion of its gmw th the air-cliumbei^ of 
the Orthoceras frequently become shallower, and the siphuncle 
diminishes in size. These indications of changed or diminished 
energies are accompanied by a diminution or disappearance 
of the internal radiated structure in the last part of the 
siphuncle. 

In Orthoceras hisiphonatum {Tretoccras^ Salter) the bod}'- 
clminber is prolonged in tlic t'oriu of a niari^inal siiimlat- 
ing a second siphuncle. The genus Bactritites of baudberger 
resembles an Orthhxrm with sinde-lol>ed sutures. 

AmmowUidiiB, — In the division or family of chambered 
shelH lobed sutures and a mai^ginal siphuncle» we find 
a similar series of forms, straight^ spiral, and discoidal^ but 
more varied and more highly ornamented. 

One large gcuu^s \G(miatiUSy fi^. 30, lo) is found in the 
Devonian, carboniferous, find triassic strata, and ]>ernianeutiy 
resembles the youngest fonn of the A mnioniUs, having the 
sutures lobed but not foliated. They seldom exceed 6 inches 
in diameter, and are usually very much smaller. The whorls 
are most frequently concealed to some extenf^ and often marked 
by cross furrows or "periodic mouths.^ 

The Ceratites are distinguished by having the lobes of the 
sutures sen-ated, while the intervening "sadiUes" (or cui-ves 
dire( led towards the aperture) are sinnile. Tliey are found 
in the trias of Europe, Thibet^ and ^uth America ; and again 
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though rarely, in the cretaceous strata of France and Syria 
— a t iicinnstance quite iinomulous in the liistor}' of tlie geo- 
l(»^M( al distribution of life. Many Aiumoiiites, perhaps all, are 
like Cemtites when young. 

A biaected specimen of the Ammmitea cbHuus, in the 
Uonterian collection (Na 188 Fossil series* Hus. CoE Ghir.), 
shews well the extent of the last* or inhabited chamber of the 




Mg. 31. 



,ivrin;i. 



I . Coratites nodoiiufi Briip. ; MutehelkaUe. 
1. Ammonitcti Duncani ^spiiiosus, Sbj.) ; Urjurd Clay, Wilt*. 

3. Turrilites nutnteUit Sharpe ; L. CkaOt, Lcwch. 

4. BtenUtM aneept, Ism.; CMk, VorvuaAj, 

5. HuiitM Attomutm, 8bj. ; OavU, Folkettonc. 

6. Scaphitcn .Toanii, Puzrw ; Xescomian, France. 

7. (TrigouuUitcH or Aptjcluih), n|K;rculuin of AiumoniteB. 

S. (RhjaeboHtot hinindo), upper nuuidiUe of Nautiliis arielit, Beia ; 
eketkaOe. 

9. Lower mao^ble (ConchoiTnehm avirottrit). 



shell, and the effects of the influence of the animal matter of 
the decaying cephalopod upon the petrifoctive processes after 
death. The liassic clay has penetiated as &r as the retracted 
soft parts of the ammonite permitted ; the decomposing mollusk 

liad hfen partially re)»laced hy rrystals of calc spar, discoloured 
by the pigmental or carbonized parts of the animal. The 
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spar, which has more slowly infiltrated through the pores of 
the shell into the uir-cliambers, is of a much lighter coiuui". 
In the same collection may be seeu exemplilications of injury 
and repair of the shell In No. 195, Ammonites QolicUhits, 
from ** Oxford clay»'* a portion of the shell, at the period When 
it formed the dwelling-chamber, ''had been hioken away 
daring the lifetime of the animal, and lepaiied by ftesh 
nacreous material, wantuig the ribbed structure of the originr 
nally formed sheH"* 

The speeies of Ammonite exceed 500 ; and their range is 
co-extensive with that of tlie secondary imks. They are 
found throughout Europe, and at the Cape, in Kamtschatka, 
Thibet, and S. India. They are absent from a large area of 
the United States, but ate found in the cretaceous strata of 
New Jersey, Missouri, and the West Indian Islands; also in 
Chili and Bogota 

The sections into which, for the sake of convenience, this 
extremely natunil grou]) lias Ijieen broken up, are veiy ill- 
detiiied, and cannot even be considered sub-geuerie. The 
group (called Caasiant) characterising the triassic period, is 
remarkable for many-lobed and elaborately-foliated sutures 
— a circumstance more impori»nt because it is the oldest 
groups and associated with CeraUieB and the last^surviving 
ChnioHtea and OHhoeerata. They abound in the "alpine 
limestone*' of St. Cassian, and Halstatt in Austria. A second 
^rroup (Arietcs), having the back keeled, with a furrow on 
each side of the keel, as in the great Anmionites called Buck- 
landi and Cofieybenrei, mark the lias period ; they are less 
plentiful in the oolitee^ and are represented in the gieensands 
by the CfisbUt, which are keeled, but not fdnowed* and 
develop a ''beak," or process, from the keel when adult 

* Catalogite of FMril InvertebnU, Hun. College <^ Surgeoni, LoDtlon, 4to, 
p. 43, in which work the wiiici has deicrilMd opwards of 350 specimeiifl, 
iltii)>tratiTf> o( the different MCtioiia of AmmonlliilK, coUecied bj John Hunter in 
the laHt centorjr. 
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The A ride^ pass by many intermediate forms into the Falci- 
/eri (e,g^ A, serpeniinus), albo characteristic of the upper lias^ 
and these are represented by a few qnoit-shaped speciee 
(Di8et)t with ahaip backa* in the oolites. 

Ammomtee with eetrated keels (Amalthti^ exemplified by 
it* qnnahis and margariiaiiu, abound in fhe middle and 
upper lias, and again in the oolites (e.^^ A. wrdatvs and 
excamtu^). They are succeeded by the Rothomaf/niscs in the 
chalk — tliick Aiuiuonites with a line of tubercles in the place 
of the keeL 

Ammonites with channelled backs (Colliciati) are repre- 
sented in the lias (A, angulifenu), inferior oolites (A, JParMnr 
$om}, and middle oolite (A, «m€i^\ and in tiie cietaoeous 
strata by numerous species {€,ff^ A, serraius, lanUm, and fal- 

eatm), remarkable for their elegance. 

Of the species with backs wore or less squared, annaituf 
and cajyticomv-^ occur in the lias, cUhlda and perarmatus in 
the Oxfoidiau. But ihe oolitic forms which have the back 
square^ and ornamented with two rows of spines when youngs 
like Ocwerit Dtmeani (fig. 31, a), and Jom^ become rounded 
and unarmed in tiheix old age. 

Bound>backed Ammonites abound in the lias and oolites* 
The snake-like annulahiSj the spine-bearing coronaiits, and 
findjriatus with its ornamented fringes, have been regarded as 
types of small groups. A more important divi!=iion {Ligati) 
is distinguished by nearly smooth whocls» constrictions re* 
cuRing at r^pilar intervals. These are seen in A. tatrioiu, 
and others related to HeUrophyllu^; in many neacomiaa 
AmmAnitow, gnd in A,plaiMilat!Us of the lower chalk. 

Ihese constrictions,, often accompanied by a prominent 
rib, undoubtedly indicate periods of rest, when the Ammonite? 
ceased f«n- a wlalv to grow. Tliey may be traced in species 
belonging to other gioups^, as well, in hiplcr and triplicatv.% 
as in the Ligaii; but most frequently all indications are 



Digitized by Google 



106 



PALiEONTOUKiY. 



obliterated by .suljst'ciuent ^wth. It has beeu a i|uei5tion 
whether the lateral pi-ucesses of Ammofuks Duncani (fig. 31, »), 
are formed and removed periodically, or whetlier they are 
peculiar to the adiilta, and mark the doee of their out- 
ward growth. The first condnaion is more probable from 
analogy; and they are commonly found with small and 
apparently young ahells* but not (any more than the lateral 
spines of the living Argonaut) in those of adult size and con- 
dition. 

It was remarked by the elder Sowerby that Ammonites 
were most beautiful when of middle growth, the ornamental 
characters being less developed in the youn|^ and lost in the 
adult The ribs and spines, and even the keel or furrow of 
the back disf^pear, in many instances, from the body-whoil of 
the fuU-grown shelL 

Varieties of form, such ai> maikLMl the pahi-ozoic NauiUida\ 
are met witli in the Ammmiiti*h\ cliidly towanls tlie close of 
their reign. The BaculUe (tig. 31, 4\ with its »lmight shell, 
is characteristic of tlx- wyy^^v chalk ; aud the TvrriliUy which 
is spiral, and usually a left-handed spiral, abounds in the 
lowest beds of the same formation. In HamUea the shell is 
straight^ returning upon itself after a certain space, and 
forming a simple or complex hook. In Piy<^toemt» these 
limlis of the hook-likn shell are iu close contact. The 
Toxocerd.s is cim'efl liku .i hw; in CHoaras the disooidal 
wliirls are separate; and in iScaphUes (including Ancijloceras) 
the shell, at first compact like an Ammonite, or open-whirled 
like Cfiocmu, lengthens out finally, and returns upon itself 
like the crosier of the StamUe, Edieoeerai, again, connects 
the last with the TurriliU by its elevated spire terminating 
in a prolonged crozier. 

Of these forms, Amtflocera^t alone is fouinl in the oolites; 
all the rest sire cretaceous; and most abound in tlie alpine 
flistricts of tho south of France. 
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Order S. — ^DtBiiANcmATA. 

{iSquuls, Cuttk-jUJteit.) 

In this Older the biBiLcliue ate two» fomiing a pau; each 
with a branchial heart; the fiuinel ia an entire tube; the 
mantle is nraacnlar ; there is an ink-bag ; the eyes are sessile I 
the betik homy ; and the shell internal (save in the females 
of the gemis Argmmifa). 

C)ompared with the Nautilus^ the cephalic organs of pre- 
hension are much reduced in ntunber, the external ones* 
continned from the oral aheath, not exceeding ei^t^ as in 
fig. 32, ^ to which in most of the genera, is added a pair of 
internal and much longer tentacula, d. The arms are much 
increased in size and of a more complicated structure, sup- 
porting c)ii their internal surface numerous suckers, and 
sonieimics connected togutliur by a powerful muscular web. 
The ('\ I s are iinifh lai-ger and more complex, are no longer 
pedunculated, but lodged in orbits (fig. 32» e e). The month 
is aimed with two piercing and trenchant homy jaws, resem- 
bling in shape and in their vertical movements those of the 
Kwuiilus. The gills are two in number, each with a ventricle, 
expressly appropriated to the branchial circulation ; the sys- 
temic circulation hu\iiig a singlf muscular ventricle as in 
the Nautilus. The infuudibuluni (fig. 33, /) is a complete 
muscular tube, sliaped like an inverted funneL They possess 
a gland and membranous receptacle for secreting and eipdling 
an inky fluid. The sexual oigans are in distinct individuals, 
as in the Tetrabranchiate order. All the species of both 
orders of Gcphalopods are aquatic and marine. 

The Uibraiicliiate order is subdivided into two tribes; 
the one provided with the eight ordinary aims (fig. 32, r) 
and the two longer tentacle^ ^?7). d), hence called Dccapmia; 
the other tribe without the tentacles, and called Oetopoda 
(fig. 93, I. s» 4)* 
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The various forms of the extinct Belcmnitulw constituted 
one family in the Decapod tribe. The little Spirula, charac- 
terised by a less complex, but internal chambered shell, is the 




Fig. 32. 

Sepia officinale (one-fuurtb natural size). 



type of a second family Tlie cuttle-fish (Sejna, fig. 32), 
known by its internal calcareous shell which remotely repre- 
sents that of the Belcmnifr^ (•xem})lifics a tliinl family of 
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Decapods called Scpiada'. The comraou calainary {Loligo\ in 
which the internal shell is reduced to a homy quill-shaped 
plate, represents the fourth and most extensive family of the 
present tribe called Tevthidcc; and in which one genus 
{Enoplokuihis) had the caruncle of its acetabula produced 
into homy claws. In all the Decapods the mantle supports a 
pair of fins, and the siphon is generally provided with a 
valve. 




Fig. 33. 
The Argonaut. 



In the tribe Octojwda, fins are rarely develoixid from the 
mantle; but the eight ordinary anus are longer, thick<'r, and 
are united together by a broader web, which forms a powerful 
organ for swimming in a retrograde direction. One family in 
this tribe {TcMacea) is represented by the genus Argonauta 
(fig. 33), in wliich, in the female sex, the first or dorsal pair of 
arms, i, is dilated at its extremity into a broad thin membrane, 
like the mantle in the testaceous Mollusks; by means of 
these membranes the animal, in fact, forms for itself an 
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extremely lights slightly flexible, and elastic, but calcareous, 
symmetrical shell, which is simple, and not divided into 

chambers ; the vacated portion communicating with the rest, 
and being used by the inhabitiuit <is the receptacle for the 
e<rgs. No authentic fossil homologue of such a shell has yet 
been discovered. 

Of the two great divisions of cephalopodous Mollusca, 
that which is represented at the piesent day by the pearly 
IfauHhu was developed in the greatest profusion and variety 
in the paheozoic and secondary periods; whilst the more 
active and intelligent cattle-fishes and squids have not been 
fotmd in roclcs older than the lias,* and the kinds, about 
100, that, yet, liuve been tuund in the whole secondary 
and tertiary series arc only about half as many as have been 
obtained in existing seas. 

The Sepiadas are represented in tlic middle and upper 
oolites by the genus Coccotcu.fhi^ (fig. 3 1-, 6), whose strong and 
granulated bone is furnished with broader lateral expansions 
than the recent cuttle-fishes. In the older tertiaries of 
London and Fsris^ many species of Sepia appear to have 
existed, but only the solid mucro (fig. 34, s) of the shell is 
usually pi-esei-ved In the iniocene tertiary of Malta, a 
diminutive cuttle-lmne is not rare; and at Turin a remark- 
able form [S^'iridirodra, fig. SI, 7) has been discovered, in 
which tile apex is provided with a chambered and siphonated 
cavity like the shell of the SpiriUa, Two other genera, 
BekpUm (fig. 34, 1) and BfUmnosis, very imperfectly known 
by rare and fragmentary examples^ occur in the eocene 
tertiary. 

Bemains of the Calamaries (Teuthddas) are often found in 

the fine-grained and laminated argillaceous limestones of the 
lias, as at Lyme Eegis, and of the upper oolites, as at Boll 

• Tlio de vonian Palceoteuthi* or A rch<roteuthis of Fenl. Roeimrwairfoanded 
on a bone of PUratpU. {Sm Woodward's Manual, p. 417.) 
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and Sjlenhofeu. They are usually the " ^jladius " or rudi- 
mental shelL Some of these are slender, like the pens of the 
recent Ommasir(pJu.% and, as in them, famished with a small 
conical appendix {PUgioteiUkds) ; whilat others are broad, and 
pointed at each end (BdoieiUkdd). The most common form 
has the shaft vide and longer than the wings ; it has a nac- 
reous lining, and is nsually accompanied hy a laige and well- 
preserved ink-bag (GeoteitihiSy fig. 34, 4). These were called 
Behm noscpi'a by Agassiz and Bucklaiid, who siupposed thom 
to belong to the same animal with the ]>(4emnite. In Lcpt'h- 
ieuUiU Myr. the hinder end of the gladius is truncate. In 
Cekmw it is produced into a slender stem, supportinq^ a broad 
oval plate* One species (McuUgcpfumi brempinnu*), with a 
broad and flat gladius, appears to have had the eight ordi- 
naiy arms produced each into a fllamentaiy appendaga 

Similar instances of the preserved soft parts of an extinct 
family^of I>ibTftnchiate8(Befemni^t<2(r) are of firequent occurrence 
ill tlie Oxford clay near Chippenham, which retains not only the 
horny (chitinous) pen and ink-bag, but also the muscular mantle, 
l&e rhombic terminal fins, and at least the bases of the arms 
with their minute honks, and traces of the mandibles. Homy 
claws, like those of the uncinatcd Calamary {Oni/cJioteulhis)^ 
have been observed arranged in double series in the lias of 
Watchetiv and they sometimes occur in great niunbers in the 
coproHtic remains of the IdUhffMour, The most remarkable 
examples of this kind are preserved in the lithographic lime- 
stouus of Solenhofen, and shew tliat the extiuct Calamarj"^ 
had ti ll nearly i([ual anns, the tentacles, in their retracted 
condition, being undistiii^niisliable from the rest — each fur- 
nished with 20 to 30 pairs of formidable hooks. What further 
evidence wss needed respecting the nature of this creature 
has been supplied by the Chippenham fossils^ which in all 

• Catalogue of FosmI Invertebrata in the MnMttn of tliA Cdlege of 
^fgeou, London* 4tx>, 1866, p. 1. 
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probability are identical in genua, if not in species, with the 

AearUhoteuth4i described by Miinster. One of these extra- 
ordinary fossils — the mummy of a cuttle-fish more ancient 
than tlie chalk formation and tlie upper (M»lites — is repre- 
sented in fig. 34, *, reduced to oue-sixth from the original 
in the Britiah MuseouL Nine of the anns are piesenred, the 
sclerotio plates of the eyes, the bases of the latge lateral fins, 




Itg.S4. 



I. Belemnitea Omni ; Oxford Clay, ChippenhMn. p. Phragmocone 
MipoMd bj Um remoTal of the fibvoiu guard finom one nde ; «, ttfimm, 

fihewing the marginal nphuncU. 
%. Acanthoteathis Mtiqaiu (Connington) ; (h^ori C%qf, CbippenbAin ; 

dorsal aspect. 
}. Oonotenthia DnpinH, D*Ori>. ; OamU, Folkettone. 

4. GMteothis BoUenniH, Schnbler ; U. Ltat, Wortemberg. 

5. Sepja rnvion, V^h. ; J/. Eoceru", Rracklcsham. 

6. Cuccoteuthis latipinnis, Ow. \ Kimclay, K.immeridge. 

7. SpiraliiMtA Bdiarda, D*Orb. Mioetm, Twin. 

S. Beloplem bdemmtoUlM, VI.; M. JEboMM, BracUethain. 

the small ink-bag, and the conical shelL This shell, which 
is chambered internally, like the phragmooone of the Belemnite 
(fig. 34^ p\ has an onter sheath of fibrous structure^ one^onrth 
of an inch thick at the apex, and furnished with two con- 
vei^g ridges on its donal side ; the external sur&ce, how- 
ever, is homy (or chitinous), like the pen of the Calamary. 
These chambered shells occur in great numbers, and are su 
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like the phiiigutoconei^ of the associated Beleiiinites^ both in 
stnictaTe and piopoitioiis, that they were origiiudly descrihed 
l>y me' as such,* and they ^i^ive good eyidence of the close 
affinity of the cejihalojxKl possessing them to the true Belera- 
nite : hitherto tliov liavc only liecn notict'd in the laniinate(i 
Oxfonl clay ot Wilt^ and tiie equivalent lithographic shales 
of Solenhofeo. 

Species of Belemnite are found in all the oolitic and cre- 
taceous strata, from the lowest lias to the upper chalk. The 
shell, in its ordinaiy imperfect state, is a cylinder pointed at one 
end (fig. 34, >)» and truncated or excavated by a fnnnel-shaped 

cavity (alveolus, ib. p) nt the other, and has a radiating fibrotis 
structure, with less distinct concentric laniiiuc ul" growtli. Uut 
even this "guard," which corresponds sinij)ly to tlie "mucro" 
of the cuttle-bone (%b. 5), exliibits snch leuinrkable modifica- 
tions of form, that nearly 100 species liave been founded u[>on 
no higher evidence. In some Belenmites of half an inch 
diameter, the guard is scarcely an inch longer than the phrag- 
mooone; whilst in others it attains a length of ten inches, and 
is tubular, as in B. aeiianns. Some are fusiform, others later- 
ally coiiipn^sHcd : so!n<* haw ii luugiliulijial Liiouvt- t-xl^ inling 
from the apex along the upper or under sitle, and in others 
the apex is furrowed laterally as well. Tlie IV^emnites of the 
chalk have been called BeUmnitellw (d'Orb.), because they 
have a slit in the ventral side of the alveolar border of the 
guard; their external surface also exhibits more distinct 
traces of vascular impressions. 

Specimens of lielemnite have been discovered in which the 
guard had Im-cii Itrokfii during the litVtinic of the animal ; but 
the brnkea j>ortions, being held bigetiier by the investing 
organized integuments, had been re-united by the deposition 
of new layers of the fibrous .structure peculiar to the guard. 
Several examples of Belenmites, with the apex iigured and 

• PbUoaopbicid TrmMMiioat. 1S44; Mid Cat. FomiI Ijivert., Miis,C<»U. of 
SnrgWHM. 4to, p. 6. 

1 



Digitized by Google 



114 



PALiEONTOLOCY. 



lieaieU during life, are pieserved iu the British Museum, 
and in ihat of tbe Loudon College of Salens.* In all 
perfect Belemnitea, the " alveolus ' is occupied by a " phiagmo- 
cone " (fig. 34, p), with tender nacreous walls and septa, tei^ 
minating in a minute globular ai>ex, and perforated by a 
ventral sipliunrlo ffig. 'M, i. sj. The last i hainber is rarely 
pit'scrved, and appoars to have thinned off' into a mere horny 
sheatli, with sometimes two pearly bauds like knife-blades on 
the doi-sal side. It must have been sufficiently capacious to 
contain all the viscera. The ink-bag has been veiy rarely, 
found, and is even smaller than in tlie last genus, as if in 
relation to the more greatly developed shell. 

The ConotetUkis (fig. 34, 3) of the Gault has an oblique 
phragmacone, with a veiy thin shell, and sceros to have been 
;itt;ic]i<Ml to a slcntlei style, like the funnel-shaped appendix 
of the gladiu.s in tlie recent sagittuted Calamar}*. 

!Mr. Dana has describeil, under the name Ilducms Fuyi- 
ensis, a bclemnitoid fossil from the "slate" rock of Cape Iloni. 
It is half an inch in diameter, has a thick fibrous guard, and the 
slender phragmacone terminates in a fusiform spiral nucleu8.t 

i>ubjoined is a table of the extiuct genera of the mollus- 
cous province : — 

HRACinoK)n.v.~Tiigonosemus, Lyra, Maga-s, Khyiichoia, /* I 
laiiia, Stringocepliulus, Megantciis : Spiiilem, < "yitia, 
Suessia, AthjTis, Merista, Retzia, I ncites ; Camai-o- 
phoria, Porambonites, Pentamerus, Atiypa, Anoplo- 
thcca ; Orthis Orthisinii Strophomena, • Koninckia, 
Davidsonia, Galceola; Producta, Chonetes, Aulosteges, 
Strophalosia; Trematis* Siphonotreta; Obolua. 

* 8ee, eBpedally, the upecinen of BdenmUe» oUmtjlaiiM, from tbe gmi 
(Kilite of Ciantington, described mad pi««ente<l hf tbe eutbor. (Cat. of Fomlii, 
41 o, ISoO, No. 22, p. 7^ 

t For tbe drawingn and moat of tho factn. or th<iir vvrilicatioii, rvlutiiig to 
invertebr»te IbeMls, the writer h indebted to hie experieaoed oolleegne in ehaige 
of that department of the firittih Muienm. Mr. S. P. Woodward, F.G.8. 
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Cu2<CHiFEKA. — Grypluea, Ex<>u^\ ' l.iinan m a, Carolia, 
Placunopsis, Neitliea, Eligmus ; rkTn|»cma, Aiicolla, 
Aml>onychia, Cardiola, Eurjdesma, Pterinea, Monotis, 
Posidonomyn, Avicalopecten, Gervillia, Streblopteria, 
Pttlvinites, Inooeramnfi, Trichites; Myalina* Orthonotos^ 
Mctdiolopsis, Hoplomytilas; MacrodoD, IsoBrca^ Bake- 
wdlia» Nttculina, Nucinella, Cucullella, Ctenodonta; 
Myophoria, Axinus, Lyrotlesraa ; Diceras, Monopleum, 
Requit'iiiii ; Hij>punte.% Radiolite-s, f ";ii)iin('l]a, Caprina, 
Capix^tiua ; Lithocnrdium, Conocardiuni, Coibictillu, 
•Spiiffira, Unicardium, Tancrcdia, Volupia ; Pleiiro- 
phoni8» Myoconcfaa, Anthracosia, M^galodou, Pacby- 
domuB, PachyrUmo^ Cleobia^ Maeonia^ Opia, CaTdinia, 
Hippopodii^m, M<^a]0nia ; Grateloupia, Sowerbya, 
Qiieii8tedtia» Goniophora, Redonia; Oercomya, Mya- 
citea, Goniomya, Grammysia, Ceromya, Cardioinorpha, 
Edmondia, Bibeiria. 

Gasteroi'ODA. — Bellerophou, Porcellia, Cyrtolik\s, Et'cidium- 
phalua; RiiDell% Hippocrena, Aiaria, Spiuigeia^ Am- 
berlya; Leiostomitfi, Strepaidara» Fuipuzma» Columbel- 
lii]a» Boraonia^ Conorbia ; Euspiza* Naticopaia* GlobulTis» 

Deshaycsia, Loxonema, Macrochiltts; Diastoma^Nennsea, 

Bra^liytreiua, Ceritclla, Vicarya, Sutjliustunia, Proto, 
HolopeUa, Catantdsiuiua, NaticcUa; Platycei*as, Metoj)- 
toina, Hyp<xlenia, Deslonchampsia ; Eiioinphalus, Oplu- 
leta, Phanerotinus, Serpularia, Dincohelix, Plntystoma, 
Cioa8oatoma> PleuTotomaria, Murchiaoniay Polytiemana, 
CurnUy'npochotomayPlatyachiamayScalites, Rhaphiatoma, 
Uolopea, Maclnrea; Neritoma, Velates, Pfleolna; Hel- 
minthochiton ; Eyclmus, Dendr<»i>uit;^ Feroasina; Cylin- 
drites, Actcuuiiia, Acteonella, Cinulia, Glol)icon( lui, 
Varigera, Tylostoma, PtcKMlonta, Volvaria, Chilostoum ; 
Vagiiiella, Theca, Pterotheca, Ck»ntiiana. 
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Cbphalopoda. — AturiH, Discites, Nautiloceras, Trigonocem* 

ToTiiuochilus, Lituitos, Ti-ocbolites, Troclioceras, Cly- 
meniu; Orthocei-as, Camarocoras, Huronia, Actinoceras, 
Discosonis, Gonioceras, Tietucoras, Apioceras, (Joinplio 
ceras, Pliragmoceras, CjTtoceras, Gyrocoras, Ascoceraa; 
Goniatites^ liactritea^ Ceratites, Ammonites* Criooeras, 
Toxicenis, Ancylocens, Scapbitea* Heliooceras, Tur- 
rilites, Hamites* Ptychoceiaa, Baculites; Mastigophoia, 
Teuthopsis, Cel&eno, Beloteuthis, Geoteuthia, Belopeltis, 
Plesiot<^utliis, L<'ptoteiithiH, Beleinnit<?s, Acanthoteuthis, 
llelicprus, Conoti utliis, ( 'occuttiutliia, Belosepia, Spinili- 
rostra, Beloptera, BelemnosU. 

Tkovince IV.— VEliTEBRATA. 

There is an enormous series of subaqueous sediment* 
originally composed of mud, sand, or pebbles* the successive 
bottoms of a former sea, derived from pre-existing rocks, 

wliicli has not undergone any clian^i' from beat, and in whicli 
no trace of (ii*,Mni(' life lias y<'t Imth detected. Tliene non- 
fossiliferous, uon-ciystalliiie, sedimentary beds form, in all 
countries where they have yet been examined, the base-rocks 
on which the Cambrian or oldest Silurian strata rest 

Whether they be significative of ocean abysses never 
reached by the remains of coeval living beings* or whether 
they truly indicate the period antecedent to the beginning of 
life on this planet, are questions of the dtM?pest significance, 
and demanding nint h farther observation before they can be 
authoritatively answered. 

It has been shewn that eveiy type of invertebrate animal 
is represented in the superimposed stratified deposits called 
Cambrian and lower Silurian. In rocks of the latter age 
in Russia have been found minutCi. glistening, slender, conical 
bodies called " Couodonts," hollow at the base, pointed at tJie 
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end, more or less bent, with sharp (»pi)o8ite margins^ which 
might well be lingual tet'th of Gastropotls, acetabular booklets 
ul" Cupliulopuds, or tvctli ot (-artiliigiuous lislu'S. Against tbe 
latter detenninatiou is tbe minute size ot the "Conodont" 
bodies; their observed stnictuie presents concentric conical 
kmella; of a dense structureless 8ubstfi]ice» oontftining minute 
nuclei or cells. 

In some specimens the base is abruptly produced and 
divided from tlie body of the booklet by a constriction — a 
form unknown in the teeth of any fishes, but presented by 
ceitiiiu lingual teeth of Gasti\>poil< — the lateinl t<^« tli <»f 
Sparclla. In other Conodonts the elongated base is denticu- 
late or serrate, as in tlie lateral teeth of Buccinum and Uhry- 
wdoniita. It is improbablei however, that they belong to any 
conchifeious toothed MoUuslc, the shells of such being wanting 
in the deposit where the Conodonts are most abundant 

The more minute booklets have a yellowish, transparent, 
horny appearance ; the larger, perhai)S older ones, prestMit a 
harder whitisli apix-aianci'. Tlieir analysis ]>y Pandrr yielded 
"carbonate of linH ," rarhonic arid Jx'ing evolved by appli- 
cation of dilute niti i( a( id, and oxalic acid producing an 
obvious precipitate, ^me English analysts have believed 
that the Conodonts yielded a trace of phosphate of lime. 

The detached condition of the hooklets, and the integrity 
of the thin border of the basal pul }>-r«vity, indicate that they 
have not been broken away iVxni any ut" thos<' kintls (»f 
attachment tu a 1m me wiiich the minute villiforni te<»th of 
osseous fishes would shew yi^^ns of. The Conodonts have 
been supported upon a soft substance, such as the skin of a 
mollusk or worm, the mucous membrane of a mouth or 
throatt or the covering of a proboscis. 

In comparing the Conodonts with the teeth of fishes^ they 
present most resomblance to the minute conical recurved teeth 
of the genus Jihimxlon of Smitli : they moiv rem(»tely resemble 
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the conical, pointed, homy teeth of Myxinoitls and Lampreys 
in that class: and the absence of any other hard part in the 
strata containing the Conodontfl tallies with the condition of 

the cartilagiuous skelctou : ljut not wore than it does with 
the like perislmble soft ronditiun <jI annditlnus vvoniiH aiul 
naked niollusk.s. likiimhu lnus veiy .small teeth, " en l»ros.'ie." 
of a simple conical recurved form : thoi-e are 12 or 13 teeth 
in each vertical row, and about 250 such rows in each jaw ; 
so that each fish may have from 6000 to 7000 teeth. But 
the teeth of Bhinodon have not the basal extensions and 
processes of many of tlie Conodonts; and the teeth of all 
known Cyclostomes, besides being considerably larger, arc 
nnieh le.ss slender and uiu less vaiicd in form tlian in the 
('<>u«Hlont.s. This minuteness of si/-e, witli the peculiarities 
of form, suppoi-ts a reference of the Conodonta mther to soniti 
mit invertebrate genus. Ceilaiu parts of small Cmstacea — 
e,g^ the pygidiutn or tail of some minute Entamostraea — 
resemble in shape the more simple Conodonts; but when we 
perceive that these bodies occur in thousands, detached, with 
entire bases, and that any part of the carapace, or shell of an 
Kntomostracan or other crustacean, has been rarely detected 
in the lower Sihniun Conodont l>eds, it is highly imjt reliable 
that they can liave belonged to an oiganisni protected by 
a substance as susceptibi*' of preservation as their own. 
MiK h more likely is it that the body to which the minute 
booklets were attached was as soluble and iHirishable as the 
soft pulp upon which the Conodont was sheathed. The writer 
finds no form of spine, denticle, or booklet^ in any Echinodeim, 
and especially in any soft-bodied one^ to match the Conodonts ; 
and concludes that they have most analogy with the si)in( s, 
or booklets, or denticles of naked MoUusks or Anntlides. 
The fninial j>iil»licati<»n of these minute ambiguous bodies of 
tln^ ohU si lbssiiil«'rous rocks, as proved evidences of fishes, is 
much to be deprecated. 
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Class I.— PISCES. 
Ortler I. — Plaoicmtohi.* 

{Skarkit, Uays). 

Char. — Eudo-skeleton caitilagiuous or partially ossified ; exo- 
skeleton placoidf; giUs fix<i<l with fi%'e or more gUl- 
apertures; no swim-bladder; scapular arcli detached 
from the head ; ventralft ahdominal ; int^tine with 

spiral MiUw 

The earliest good evidence which has been obtained of a 
vertebrate animal in the earth's cmst is a spine^ of the nature of 

the dorsal syAnc of the doj^-fish (AcafUhim), and a buckler like 
that of a pla( o-;:^aii()i(i tisli (p. \'AH). B«>t]i have Ix^en toiiuJ in 
the most ix'ct'iit deposits «»l the Siluiuui period, in tlie lurination 
called ** upper Ludlow rtKjk." The diaeovei^" of tlie first is due 
to Murchison ;) its determination to Agassiz, wh(» assigns it to 
a genus of ]>lagiostomous cartilt^inous fishes called Onekm. 
The buckler was discovered by Mr. Banks, in the ** passage- 
beds* of Kington, Herefordshire, and is referred to the geuus 
Pteraspu, Knerr. 

The Onchna spines from ih"- iij'pi i Ludlow bone-lxjds aiv 
e<inipressi'd, slightly eurved, h'ss than two iuehes in length, with 
no trace at tlieir base of tlie joint characteristic of the doi"sal 
spines of tln' " sheut-fishes" (Ganoids of the family SUm'tda), • 
or ** file-fishes" (Baliaiufa:), The sides of the spine are finely 
grooved lengthwise, with rounded ribs between the grooves. 
They are referred to two S|)ecie8 — Onekm Mttrekuoni and 0. 
^rmisfrifitus. Sir W Egerton has lately figured another species 
(it (111 tlie argilhueous heils near Ludlow, which is more curved, 

• dr Pf'i^lo^. ♦rniiH^pr**' : $tamn, mnuUi, in rffi-nMii »• to the nbape uf ttu: 
iiiuutii, likf A trnn.tvvi^o h\\x on (lie under of the hcatl. 

t fir. rU»x, a plnte: tido»f form; tbe ncaka being rcprr»4>iilcd hon) 

I Silariaa •tem, cb. xiv., p. fine. 
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and is urnifHl along the post^'Hoi e<l;^e; the loi);^'iiutiinal ribs 
are iioe aud numerous, but ai-e constricted at iutervak, as in 
tbe genus CtejiacarUhvs, and become subtuberculate at the 
1)080. He deems theu aigniBcant of a distinct genus of sharks 
like fishes.* We may infer that there co-existed a laiger and 
more powerful predati^ij fisli against whose attacks the 
Onekua was thus defended. 

In the same old formation, with the dor>!il sjiincs of 
Unckus^ are lound, in fac t, petrified j>ortions of s^kiii, tubei-- 
( ular and prickly, liki tlic shagreen of sharks skin, and 
referred to a genus called iipfuujodus ; also coprolitic bodies of 
phosphate and carbonate of lime, including recognisable parts 
of the small MoUusks and Crinoids which inhabited the sea- 
bottom in company with the Onchus-fish. No vertebrae, or 
oth(n- parts of the enihKskeleton of a fish, have been discovei*ed 
in Silurian beds, unless the fiiigiiiciiUj ut" u calcitied bar, with 
touth-like processes, called Plcdrodm^ l)e truly jaws with 
teeth. They resemble, liowever, parts of tlie pincer claws of 
Crustaceans, as well as of the jaws and teeth of fishes, and do 
not indicate that class so satisfactorily as the Onchus spines 
and Sphagodm shagreen. Yet the denticles are confluent 
with an outer ridge of the bone, according to the •pleurodont" * 
type, and consist of 8e})arat<id lai-ge teeth, with minute serial 
teeth in the intei-spaces ; aud the large teeth are grooved 
longitU(hnalIy.t 

If the Plectrodonts be jaws with anchylosed teeth, they 
belong to an order distinct from the Plagiastomi, If they 
should belong to any of the fishes indicated by the dorsal 
spines and shagreen skin, a combination of characters would 

• In a foiniallon in Indiana, United States of America, referred by Messrs. 
Norwood and Dale Owen to tfu- Silurian roriiKiti-tii, a bji'lly prvofrvcd f>'>-*II 
connidered as an Iclithyolite, uiui tml'erred to a genus alliL'd to Pterichthys han 
1m«ii dincovered, aud called 3iaetopctatiekthji» raphiiilolahit. (Silliiuan*» 
.louraal, 1846, p. 367.) 

t Egcrton, Proe. G«ol. Soe., March 1S57, p. 28S» pi. fig«. 2^4. 
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he exemplitit'd iiol kaovvu in utlier loiiuiitious or in any 
existing fislics. They may bc^loug to Pteraspisj ii jilaco-ganoitl 
fish, allied to Oephala^na, the cephalic buckler of which 
has been found in the tnuasiiion beds overlying the Ludlow 
rock. 

No detached teeth unequivocally referable to a plagioa* 

tomous genus, nor any true ganoid scale of a fish, La\ L' yet 
bct'U i\)\uu\ in tlic formations tliat have revealed tliese earliest 
known evidences of vertebnite animals. What then, it may \h: 
asked, weie the conditions under whicli so immense an extent, 
as well as depth* of sediment was deposited — including 
chambered Cephalopods^ Gastropods, liunellibrancbs, Biachio- 
pods, various and laige trilobitic and entomostracous Crus- 
taceans, with Crinoids, Pol} pes, and Protozoa — ^that precludefl 
the presenation of tlic iuh^ilizable part« of fishes, if that 
class of vcrtebnite animals had existed in innnl>ei-s, and under 
tlie variety of forms, comparaMo to those that people the 
ocean at tlie present day ll Bouitos now pursue flying-fishes 
through the upper r^ons of an ocean as deep as any of 
the Silurian seas of which, the deposits afford an idea of 
greatest depth. If fishes of cognate habits with the present 
deep-sea fishes, under whatever difference of form such 
Silurian fishes may have Ixien iiuaiiicsted, had renUy 
existed, we nii;,'lit i*eas<^imbly expect to find the I'emaius of 
some of the countless geueiutions that succeedi^d ea( li 
otlier during a period of time, sufficing for the gradual 
deposition of sedimentary beds of thousands of feet in verti- 
cal thickness. 

The evidences of plagiostomous fishes aflbrded by fossil 
spines will be here pwsned. In most of the existing cartila- 
ginous ftslie-s ul' this order the defeusiw s])inr wliirh stands 
erect in fimt of the doi-sal tin is snkH»th ; such is the ciise in 
the dog-fi;9hes {Sjnnaeido^ in which each dnrsal fin is fronted 
with a spine. In tiie PoiWacksou sharks (Oestraeioniidw) 
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the .spine in iiiint of eat'li dnisul is ]»ony, and is armed al<»iip 
its liinder <tr rnncavp border with bent spiius. Tlie fin is 
connectod with this border, and its movenient« are reguhited 
by the elevation or depression of tlie si»ine during the peculiar 
lotatory action of the body of the shark. This action of the 
spine in raising and depressing the fin, Tesemblesy Dr. Buck- 
land has remarked, that of the movable or jointed mast, 
raising and lowering backwards the sail of a batge. But their 
more obvious use, in the small Plagiostomcs possessing such 
si>ines, is as defensive weapons against the larger and stronger 
voracious lislies. 

Certain bony iishes are similarly armed — e.g^ stickle-backs 




Fig. 35. 
CetUritau humeromu. 



{Oatterostei), sheat-fishes {Silm'idte), trigger-fishes (Bcdisies), 
and some species of snipe-fishes {Fistvlaridw), In the latter 
family the Cenitiacm Kumerosus (fig. 35) shews a dorsal spine, 
denticulated behind, as in tho Ccstracionts : but the base of 

the si>ine in bony fishes is ]>eculiarly modified for articulation 

with another bone. In the I'lairiostonies tlie base of the spinc 
is hollow, bi'conies thin and snio<tth when the body of the spine 
is sculi>tured, and is in the recent fish implantetl in tlu; tk\sh. 

The following genem of plagiostonious fishes liaA e been 
founded on the fossil spines, or, ichthyodorulites," * which 
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have been (liscovercd iu the Devonian, ' or • Old lied Saudstoue 
series.'' Onchus (represented by 0. scmislriahu^ 0. Jtel^ro^prvs), 
Dimerwxmthus, Hajdaeantkus, Nareodes, Naulof, Bytsaeanihtut, 
Comaeanthus, HomacaiUhua (fig. 36), CienacaiUhus, Parexus, 
and OdotUaeanihus* 

The genus HomaeatUhm is founded on small compressed 
8pine8, with fine recurved trctli on the l)avk 
etlge, and longitudinal striie on the iside.s. Spe- 
cimens of Humacanthm aicuatm (fig. 3(i) have 
been found in Devonian fonuations near St 
Petersbuigb. 

The carboniferous series of formations includes 
the so-called slates, mountain limestone, millstone 
grit, and the coal measures (see fig. 1). In this 
series the genus Onrhits, is still n'i)ri ;>cntud hy tlif 
0. mlmtits, 0. 7'trfHS and 0. .subulalaa ; and tin* 
genus JJoifia€aHUiu&^ by //. macrodus and //. micro- 
dus, from the carboniferous limestone of Annagli. 
Otenaeanihus is coumion to the Devonian and carboniferous 
periods. Tlie spine of PleufaeaiUkm (fig. 37) is denticulated 
along both maigins, a structure which is pre- 
sented, in existing Plagiostomes, only by 8})ecies 
of the ray family : it Itclongs t<j an extinct lonn, 
to which the luuuk-tish of the present day offei'S, 
])erbaps, the nearest resemblance ; but the Pkura- 
ranthits iWfTi'v^i] fn»m all the modem sting-rays in 
having the spine planted at or near the occiput* 
Portions of petrified bone, of the structure of 



Fig. 30. 

JfornamHtAtis 
arewttu*. 

V nuvonian, 
Kn'<sia.) 




Fig. 37. 

shark's spines, graduating into that of the dentine PkwaeoHtkv 

and ganoine, of which the marginal denticles are 

, , . . , . , , (Cod, Padley.'i 

c"iiij)(isr(l m thi.s and other spines so heset. Iiave 

been obtained from a coal-field in Indiana, I'.S. This irli- 
thyodorulite (fig. 38) is remarkable for th«^ laiige proportional 
• "Annah >nd Mag. of Nat. Hist." 1S57, p. 422. 
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size of the inargiiial teeth, and their close i"eseinblaiice to the 
jaw-teeth of Carcharias, their enainellecl border l)eii)g finely 
denticulate. I am iiulehted to Professor Hitchcock, of Aiii- 

heret College, U.S., for the oppor- 
tunity' of examining this most 
rare and singular fossil, first made 
known hy Leidy, as being pro- 
l»ably part of the jaw of a shark, 
for which, therefore, he proposed 
the name E(h\stc% signifying de- 
vourer. If my determination of 
its nature be correct, it has formed 
part of a fish more liable to be 
devoured, and needing unusual 
defence against some larger con- 
temp<jrary shark. Tlie tme jaws 
and teeth of Kdestes may one day 
be discovered, and throw light 
u})on its habits and aftinities. 
Tlie other plagiostomous genem based upon fossil s])ines from 
the coal formations are* — Oracanthus, Gyramnthusy Ncmacan- 
thuSy CosmacanthnHy Leptacan(hi('% Homarnuihu.^ T/ i/sfichiuSf 
A stemptcnjih iusy Phi/sonati «.s, i^jthenacanfh w5, Plafi/aco nihmy 
DipriacanthuSy Eiismacanthus^ Orfhacanthus, Cladacanthus^ 
Lcjiraciinihus. 

Immediately above? the cf)al measures lie a vaiiable series 
of sands and clays of diflereut coloui-s, including the coal 
plants ; al>ove this, a \\mv\ slate in thin layers, containing 
scauty evidences of fishes ; but these are more abundant and 
instnictive in the suiierincumbcnt magnesian limestone, in 
which formation, near Iklfast, ichthyodorulites of the genus 
GyrnprUtui (Ag.) have been found. AUive this are the penean 
red sandstones, in which, at Westow, liave been found fossil 
spines closely allied to, if not identical with, the Gyrwantluisi 



Portion of S|)ine, 
Edextfs. 

(Coal, Iixliann.) 
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fomuum (Ag.) Tlie foregiMiig formations constitute the uppei^ 
most of the palivozoic series culled **Penniaii,'* from the Russian 
pnniuce in which these strata are most extensively tleveloped. 

The superimposed strata marked "trifts" in the •*Tahle of 
Strata," fig. 1, p. 5» include also a varied series of red and white 
sands, marts* and conglomerates, fonning collec- 
tively the *'New Red," or Triassic system. The 
triaaaic ichthyodorulites are refei&ble to the genera 
NetMteaiUhus^ Leiaeanthm, and Hybodm, In the 
" lias," which is the oldest or lowest of the gi"eat 

oolitic" system, large dorsal spines of IlyhHliiH 
rdiculatwi, also spines of Ilyhnhui nnedius^ and 
Hffbodus pyramidalvi are found : tins genus, how- 
ever, IS represented by detached teeth in the 

hone-bed" and in the keuper and muschelkalk 
members of the " trias.* The lias formations give 
evidence that the dorsal spines md fins of Hybo- 
tluji were two in luimbcr : and the genus is shewn, 
bfith hy th«' .•^tnictun- of tlic spine and the form 
of the teeth, to have had its nearest affinities 
with the Ctstracion aniongst existing Plagios- 
tomes. Uybodm continued to be represented by 
successive and varying specific forms up to, and 
including, the cretaceous period. It is therefore 
a genus of cartOaginous fishes eminently eharao^ 
teristic of the secondarj' or mezozoic period in 
paheoniolo'^v, and ranges throuLrh everv forma- 

. * HyhoduB tub- 

tion of that period. The specimens selected for carlnatm. 
the illustration of the dorsal spine of If >/h<'<h'.< is (^^'^a'd^" ) 
that of the H* subearinatm, from the Wealden of TUgate 
Forest (fig. 39). 

Laige fossil spines, longitudinally grooved, have been 
found associated with the teeth of the extinct, ralo-cestraciont 
genus {Ptychodwi) of the chalk fonnations. 
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In the tertiary foriuatious, the foesil spines present for the 
most part the generic characters of those of existing Plagio- 
stomes — t.g^ Spinax, TVt/gon, and Mplu^aka; but one form, 

found in the eocene beds near Paris, is the type of the extinct 
genus Aulacanthus of Agassiz. 

The t(H»(h of the plaginstniiious lislu s vi/. sharks {Sqna- 
rays and Cestracionts, are very nunierous, and, 

being attached oiil^y by liti^ament to the membrane of \hv 
moutli, they soon fall oif in the decomposition of the dead 
fish, become scattered abroad by the movemento of the body 
through the action of the waters* and sink into the sediment 



Family I. — CESTRACioimDiE. 
(Port-Jadcsan SftaHlr.) 

The existing gemis whicli ha« tlirown most liglit upon the 
t'usail teetli wliieh liave thus become iiuljedded in the oceanic 
deposits of the palax>zoic and mezozoic periods, is the Cesiraeum, 
now I'estricted to the Anstralian and Chinese seas, where it 

Is represented by two or three 
species, and suggests the idea 
,r^^ of a form verging towards 

' ' \\ ■ 




.1 



I' ig. 40. 
('estracion PhUipi (recent). 



extinction. It formerly floii- 
ished under a <,Teat iiinnber 
of varied generic or fannly 
moditications, represented by 
species, some of which at-, 
tained dimensions far exceed- 
ing the latest known living 
Cestracions. The dentition 



of these fishes is adapted to the prehension and masti- 
cation of cnistaceous and testaceous animals ; they are of a 
hannless, timid chanieter ; and have the befoi*e-«h'Scril )<'d 
denticulate dorsal spines given to them as defensive weapons. 
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Fig. 40 gives a aide view of the upper and lower jaws of the 
** Pbrt-Jackson shark," shewing the oblique disposition of the 

large cmshing teeth, which cover like a pavement the working 
borders of tlie mouth. Tlio anterior teetli wore small and 
l»uiiiUid, (fig. 4<1). Behind the cuspidate teeth the five consecu- 
tive rowsnf teeth progressively increase in all their dimensions, 
but principally in their anteio-poeterior extent The sharp 




FiiT, 41. 

rpperjaw atid teeth of I'orl-Jackson Shark ^Centracion), half iiat. hiite. 

point is converted into a longitudinal ridgt; traversing a con- 
vex tnishing surface, and the ridge itself disappeai's in the 
largest teeth. As the teeth increase in size, they diminish in 
number in each row. The scries of the lat^geiit teeth includes 
from six to se\'en in tlio upper, and from seven to eight in the 
lower jaw. Behind this row the teeth, although preserving 
their form as crushing instruments, progressively diminish in 
size, while at tlie same time the number composing each row 
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decreases. From the oblique and apparently apital disposition 
of the rows of teeth, their symmetrical arrangement on the 
upiKJsite sides of the jaw, and their graduated diversity of 

form, tln'V ooiistitutc the most elejjjant tessolated covoiing to 
the jaws w hich is to he iiu-t witli in tho w lmh- class of fishes. 

Tlie iiiodificatious ot the fonn of the fcctli above described, 
by wliicli the anterior ones are adapted I'ur seizing and re- 
taining, and the posterior for cracking and crushing alimentary 
substances^ are frequently repeated, with various modifications 
and under different conditions, in the osseous fishes. They 
indicate, in the present cartilaginous sj i >, a diet of a lower 
orgaiiist'd character tlian in the true sliarks ; and a corresjMtnd- 
iu«f difl'erence t»f habit and tlisposition is associated tlierewith. 
The testaceous and crustaceons invertel)rate animals constitute 
most probably the principal food of the Cestracion, as they 
appear, by their abundant remains in seoondaiy rocks, to have 
done in regard to the extinct Cestracionts, with whose fossil 
teeth they are associated. 

From their mode of attachment, these teeth M'ould become 
detache<l from the jaws of the diad tisli, and dis}»erse<l in the 
wav above describcil ; and it is bv such detached fossil teeth 
tliat we first get dental evidence of the Cestraciout family in 
former periods of the eartli's history. 

If fig. 42 be compared with fig. 41, it would seem as if 

the several teeth of each oblique row in 
Ce8iraeian had been welded into a single 
^ dental mass in Cochllodm, tlie piT>]>or- 
ti(jns and direction of the rows liein-r 
closely analogous. Whether in Cuch- 
V\g,A%. ^ liodus tliere were any small anterior 
Cochliodu» rontortvt. prehensile teeth, is hypothetical ; the 
(CnrboniferouH.) crushiug dental plates must have 

been admirably adapted to crack and bruise the shells of 
raollusks and crustaceans. The CoehUodm conUnius (Ag.) 
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(fig. 42) has been found in the carboniferotii; fonnatiom near 

Bristol and Aniiagli, and the genus is peculiui to that geolo- 
gical i>eriod. 

A form of tooth more closely rr>sembliiig the crushing-teeth 
of CestracioD, is that on which the genus Acrodus is fouiided, 
with species langing from triassic strata to the upper chalk 
of Maestricht The one here selected (fig. 43) is the Acrodm 
ndbUi9t from the lias of Lyme Begi& The upper figure shews 
the grinding surface, which, from its 
finely and transversely striated character ^ 
and dark ettlniir, has suggested to the 
(][uarrymen tlie name of ** fossil leeches." 
The older fossilists regarded these teeth 
as petrified Vermes; but the stmcture^ 
as shewn by the microscope^ is closely 
similar to that of the teeth of Cestra- 
Portions of the jaw of the Ac- 




Fig. 43. 



Acrodus nobUU (tooth). 

(LiM.) 



/"cw/^/s liave Ih'I'Ii discovered whicli shew 
that these teeth were arranged, as in OsfnuTumy in oblique 
rows, with at least seven teeth in each row. A crmbts laterolU 
is a mnschelkalk fossil, A. hirudo a Wealden fossil, and A, 
transvmus a cretaceous fossil. No tooth referable to the 
genus has been found in any tertiaiy stratum. 

The nearly allied ^rophodm is represented by Sir, awfua^ 
timmuft in the muschelkulk, by several species in the oolites 
(but not in lias), and by the Sir. a^r in the chalk of 
Lewes. 

The genus Fiyehodm is founded un teeth usually of laige 
size, and of a more or less square form (fig. 44). The crown 
is deeper than the root, which is obtuse and truncate The 
enamdled summit of the crown is granulate at the maigin, 
and raised In the middle Into an obtuse eminence, disposed in 
large transverse, parallel, sometiiu* wdvy and rather shai^) 

* See Owen's Odontogrmphj, vol. i., p. 64, pit. 14 and \b. 

K 
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ridgCA. With teeth of this form are Bometimes found others 
of smaller size, with more convex rounded crowns, doubtless 
forming the extremes of the multiserial pavement which, as 

in ino<l»'ni slmrks and ray<, rovcrrd tli«' 
I rna.l jaws of thv l*tych<Ml<»nts. In my 
Odontography,"* I have pointed out the 
resemhbuice of the teeth of Piychodus to 
those of Bhina^ and Sir P. Egerton informs 
me that the fin^rays of Ptyfhudus shew the 
same affinity. But the principle of the 
"more 5:eneralis<Hl stiiKtiuv" was niani- 
ft'st«'d in tills, as in most ( unti uijuiraiv 
tonus. Tlif l:i!'_'>' doisal spin«*s found asso- 
I'ip. 44. oiated witli the above-Uescribcd te«'tli are 
Ptjfchodtu latmimtu. longitudinally grooved, and resemble those 

of the Cestraciont family of sharks. All 
the specimens and s]>ecie8 referable to this genus have been 
found in the cretaceous strata. The Devonian Ctenodv^ Petalo- 
fivs, ('homatoth/s, an<l PrlroihiA, of the earhoniferous limestone, 
and Tht'cfi>ili's of the KeuiKT, are provisionally i-eferred U\ 
the Cestraciont family. 





Family II. — Htbodoktbb. 

Teeth referable to the genus H^iodm occur in all the 
secondarv rocks from the trias to the chalk inclusiv& The 

teeth of the Hyhodruits are eonical, but broader and less 
sharp than those of true sharks. The enamel is strongly 
marked by longitudinal unooves and folds. One cone is 
laiger than the rpst,aud called the " principal T the othen 
are secondaiy." In one genus (Cladodm, Ag.), the secondary 
cones go on enlai*ging as they recede from the principal 
cone ; and teeth of this genus, referred by Eichwald to the 

• Vol. i., p 44. 
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Htfbodus kngiconm, have been diaoovered in the old red 
sandstone in the vidnity of Petersbnig. 

In the Orodus^ the cones are more compressed, trenchant, 

and distinct from tlie brnly of the 
t^K>th, tliaii in HyJxKivs; but tlioy 
present a principal and secondary 
cones. Y\^. 45 i« a tooth of the 
Orodvs cinetm (Ag.), from the car- Fig. 45. 

boniferons beds near Bristol. The Orod^u nr>ru,>> t^tl.)- 

(C«rbomferou9.) 

0*poro8U8 and O.eompretnu are from 

deposits of simihir age near Armagh. Diplodvjs and Olossodw 

of the coal serien, and Hphmmichm, v%'hich ranges iwmi lias io 
wealden, are refen-ed to the llybodont tauiily. 




Family III. — SgiAUD^E. 
{Sharks.) 

The well-marked saw-^haped tooth (fig. 40), so closely re- 

sembles the lower jaw-teeth of the sharks, called "gi iM'ts* by 
the French (Xufi^ianiK, Cuv.), as to be refeiTe<l to thnt ;4riius 
by Agaasiz. Such teeth nevertheless occur iu strata of i)oUtic 

ft 

Fig. 48. 

Oaleoeerdo adunrttM. 
(Miocene.) 

!i*;e {Sotif^nnns Miiinsin^. A»,% ti«;. 4'G), Other species — r.//., 
X pedinatus — are found in the chalk of Kent ; and iV. serror 
tij^ymv.^ in the eocene clay at Sheppy. 

The tooth (fig. 47) on which Agassis has founded the genua 
Ccrax, indicates by its close resemblance to those of Carehariagt 
its relationship with the true sharks (Squalidcr), Most of the 



Fig. 46. 

Sotulnutui MdHtteri. 
(I'pper Oolite.) 




Fig. 47. 

Coraz JoleatHt. 
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species of CfnraXt including (7. faleatua, are cretaceous; a few 
are tertiary; all are extinct. 

Another form of shark's tooth, deeply notched at one mar- 

giii, and with the rest of the boKlor finely denticulate, resembles 
more that of the "topes" or gmy sharks {Galev.% Cuv.), and 
18 referred by Agassiz to the genns GaJformlo. The sptcie.s 
are found in both the cretaceous and tertiary lor- 
mations; Galeocerdo aduncm (fig. 48) is from the 
miocene of Europe and America. In the same 
tertiaiy series are found the teeth of the Htmiprw- 
tu terra, Ag. (fig. 49). 

Odaniaspvi (Ag.), presents a form of tooth most 
Kg. like that in the blue sharks (Lamjia) of the present 
terra. Spt'cics ol Odontnfqm occur in tlie cretaceous 

(Miocene.) and tortiary beds. The 0. Uopd (fig. 50) is from 
the London clay of Sh(']ipy. It indicates a very destructive 
and formidable species of shark. 

Teeth shaped like those of the white sharks (CWc^arios), 
hut solid and usually of laige size» ate referred to 
the genus Cfsrtkaindm, One of these teeth, from 
miocene heds^ Malta* in the Hunterian Museum, 
London, measures 5 inches 10 lines at its longest 
side, and i iiidics 8 lines across the base, P»y the 
side of it is {ihiccd a tooth of nn existing Corcha- 
Fig. 50. - ii»< h('s 8 lines at its *'1<im;^< t side," fitim a 
OdontatpU shark which measured 20 feet in length. If the 
/fo^t. i^^i^ fossil Careiuirodon bore the same pvo- 
portion to the body of the fish, this must have 
been about sixty feet in length.* Teeth of Cart^rwUm have 
been obtained from the Red Giag of Suffolk, measuring 
upwards of six inches in length. The microscopic structure of 
the teeth in sharks is illustrated by the longitudinal section of 

* See the Author's Catalogiio of Fos<;i) Rcptilia and PiMMt, in Mat. R, 
Coll. of SorgeoD*. Lond. 4to, 1854, p. 124, No. 431. 




Digitized by Google 



PLAGIOSTOMI. 



133 



a fossil fixmi Slieppy (Hy. 51), shewing tlie outer lianl layer of 
" vitrodeiitiiie," and the 
" vasodentine " form- 
ing the body of the 
tooth. With these fos- 
sil teeth of sharks are 
found, though spar- 
ingly, in both the cre- 
taceous and tertiary- 
beds, petrified bodies 
of vertebne, shewing 
by their extreme shoit- 
ness in coniparison 
with their bi-eadth, by 
their bi-concavity, and 
the fissures on the ex- 
ternal surface (as 
shewn on the lower 
figure of cut 52) that 





Fig. 52 

The upper figure in a front 
view, the lowerone aside view, 
of the body of a vertebra of a 
Shark, Lamnaor Odonttupit. 
(Loadon clay, Shepp)-.) 

they belonged to a shark 
(Lftmnn, Cuv.) 




Fig. 51. 

Magi), section of a tooth of a Shark 
(Lamna). 



closelv allied to the 
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Family IV — ICviid^k. 

This family of cartila«:;inous fishes is first indicated in the 
carhonitcniiis {(criod hv the spiiK* of Pi u nicanihus (fig. 37); 
liiit uiiL'([uivoeal t'vitleiicfs, sullic icntly j)eift!ct to yield generic 
characters, have been discovered in lias.sic {Stjuahraia, Arth- 
ropi€ruB)t oolitic {Spatholbaiis, BrkmnobcUis), cretaceous, and 
tertiaiy foimatioiis : they chiefly consist of portions of the 
numerous and many-jointed fin-rays, of defensive spines* 
dermal tuherdes, and most commonly of teeth. The peculiar 
modifications of the dental system, presented by tlie eagle-rays 
{Mylichatittce) aw unequivocally shewn by fossils of the tertiary 
formations, and have not been found in earlier strata. 




Jatrt and teeth of an Eagle-Bay (JfyUbteCet atpUia). 

The teeth of the rays are in general more numerous and 
much smaller than those of the sharks; tluy have less 
mobility, are more closely impacted, and in some cases are 

laterally united tofjether by fine sutures, so as to form a kind 
i»r iiiosiiic jtavniK lit on both Xhv ujijM'r and l(»\ver jaws. The 
Mylwbttks, or eagle-ray.s, wliicli pivsent the last-mentioned 
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condition, iuii(|ue in tlie vertebmte sul>-kin«.;«loni, liuve lai'ge 
and massive teeth (figs. 53-G). The smaller teeth of the lihina 
are adapted for crushing : but in tlie species of Raia^ Cuv., 
tliey have the midtUe or one of tlie angles of the crown pi-o- 
diiced into a sharp point. In all genera of the ray tribe, 
whatever the divei-sity of size and shape of the teeth, they aiv 
placed in seveml rows, and succeed each other uninterruptedly 
from behind- 

The modification of the plagiostoinous type of teeth, for 
the purpose of crushing alinient*iry substances, is most 
complete in the Mylwhulula:. A view of this armature of 
the mouth, as seen fi*om behind in the Myliohatis aquilcL, is 
given in fig. 53. Both jaws are coveivd with a pavement of 
bi-oad teeth, having a Hat grinding surface. To the genus 
Mi/lioha(es, as now n^stricted, certain fossils from the Loiulon 
clay of Sheppy {Myliohatcs tolinpicus^ Ag., fig. 54;) belong. 




Fig. 54. Fig. 55. 

Myliobates toliapictts. Jiyyobale* WootltranH. 

(Eocene, Sheppy). (Miocttie). 



Ill Zj/f/obiitcs (fig. 55), the midtUe series of teeth is less 
broad ; and a narrower series is inteii>osed l)etween the 
middle and the small lateral teeth. Existing rays shewing 
this modification are found in Urazilian seas: fossil teeth of 
this genus, cy., ZygolKitcA Wooilwanliy Ag. (fig. 55), occur in 
the tertiary cnig (pi-obably miocoiie) of Siinnlk, and in the 
miocene molla8S<^ of Switzerland. 

When the teeth lorni broad tiaii.-^ver.^e undivided plates, 
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a>i in fig. 50, they cliaratterize the j^euus ^EtohaUc^ Fossils of 
tlii.s genus wcur in the English eocenes and the Swiss mol- 
lu.sse. 

In the "crdg" of Norfolk and Sufl'olk, and in marine plio- 
eene l^ed.s, fossils have lx*en found which closely resemble 
tlie ()ssc*ous and spinigerous plates that beset the skin of the 




Hg. 50. Fig. 57. 

yEtobates $ubaratatu$. Rata clarata. 

(h^jceiic, itracklet»baii]j. (Dermal HpineH). 



kind of my called ** tlioruback " (tig. 57), and which indicate 
the existence of a pliocene species allied to the Rata clavata. 

The almost entire siK'cimens from the lithographic slates 
of Solenhofitn {Thaumas ali/c/\ Mst.) and of Ciriu (Sjxithobatis 
buyrji 'KU'my Thiol.) shew a form of body whidi, like that of the 
iiHKlcni monk-fish (S(/if((iina)y connects the rays with the 
Hliarks. Sfjuahraia has the like anuectant relationship with 
the saw-fish {Pristis), which, as now siHicialised, first apix^ars 
in eocene beds (Prislui hisiiiratus from Shej>j)y, and Pr. acuti- 
ilena fr«>m Itogshot sands). Tlie CyclohatUy Eg., from the tei^ 
tiary limestone of Lebanon, resembles the modem torj>edos, 
a Inu' and formidable species of which {Torpedo (jvjankay Ag.) 
has left its remains in the rich repository' of ichthyolitcs at 
Monte liolca. 

Tlius \\v obtain evidence of fishes of the plagiostomous 
order in llie marine »le]»osits of every formation from the 
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upper biluriau hc\h to the pit^scnit peiiod. But none of the 
palaeozoic fossils are referable to any exiBtiug genus. A few 
only of the mezozoic PlagiostomeB^ and those chiefly from 
the chalk» aie ao deteiminahle : most of them helong or are 
allied to a family (CtstraeiontidiB), now nearly extinct The 
evidence of the generic forms of Plagioetomes characteristic 
of the present time become common only in the tertiary 
periods. No fossil species is the saniu with any existing 
one. 

Obdbr IL— HOLOCEPHALL* 

Oihnmruid FMe4i. 

(%ar. — Jaws bony, traversed and encased by dental plates ; 
endo-skeleton cartilaginons ; exo-skeleton as plaooid gra* 
nnles ; most of the fins with a strong spine for the first 
ray ; ventrels abdominal ; gills laminated, attached by 

their mui-gins ; a single external gill-aperture. 

To judg^ from the paucity of existing representatives of 
this order of cartilaginous fishes, it would seem, like the 
Cestracionts, to be verging towards extinction. One genus 
{dmwra^ linn.) is founded on a single Imown species of the 

northern seas called •* king of tlie herrings" {Chivia ra mtm- 
drusa)'y auuLher genus (Callorh i/nf/n/s oi' GroiioviuH) ijs repre- 
sented by two known species in the Australian and Chinese 
seas. Tlie only parts of chimieroid fishes likely to be fossil- 
ized are the jaws and spines. The bony and dental substances 
are so combined in the more or less beak-shaped Jaws, that 
they characterize the order, and are never found separate. 
It is chi(^fly on such fossil mandibles, and portions of them, 
that tlu' evidence of the lloloci pladi iu former geological 
jjeriuds rests. These singular fishes ranged, under dillerent 
generic and siHH ific modificatioiis, from the bottom of the 
oolitic series to the present period. 

* Gr. Mot, entiM ; ti^pjUrle, bead : the crmial wallt being unbroken. 
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Gmus Ghiblera. — ^The premaxillary teeth, one in each 
bone, are oblong, ubout twice as hi^h as tbey are broad, and 

teriiiiiiate below in u transverse licnchaut edge; they jiix^sent, 
exteriorly, vcrtkal culuimis of alternately harder and sufttr 
substaiiee, occasioning a notched margin when worn by use ; 
interiorly, tkey have oblique lamina; which do not extend to 
the margin. The maxillary dental plates, one in each bone, 
are triangular, and present a broad snr&ee to the lower jaw. 

Genua IscmobUS* li^gerton. — Each upper maxillary has 
four dental columns; the lower jaw is less produced and 
deeper than in Etfaphodm, Of this genus, 7. Joknsoni is ftom 
the lias of Dorsetshire; L K«fcrfoiii fix»m the Kimmeridge of 
ShdtoN t'r; and /. Tn(i'ns]t4 n<U, a magnificent siiccics, l"ix>ni the 
l\irtlan(l stone. Two species {I. Af/asdzit and I. brcmrostris) 
arB froui the cretaceous beds; at which period the genus 
appears to have perished. 

Genus Ganodus, £^rton. — Maxillary dental columns 
i>blique, placed far back, convei^ging as they advance, and 
sometimes blending into one mass at the triturating surface. 
This genua is exclusively i-epresented by spcKjies from the 
iKilitic slate ot 8t*jueslield — f. (r. Bucklandi, 0. Cuki, 6'. 
Owenii. 

Gtiim Edaphodus, Egertou (including Ed(q>twdmi anil 
Passalnihm of Bucklaud). — Each upper maxillary lias thi'ee 
dental columns; the lower jaw is more produced, but less 
deep, than in Isckiodm: the premaxillary dental mass consists 
of five vertical and slightly bent series of oblique and curved 
transverse plates; the median and longest series being 
strengthened by a supiilemwitaT}'^ dental column behind; it 
i-epresents the geiius Pitmniodo/i ol' Uucklaiid. The lai'ge 
h\ St'flfjwickti is fnnii the un • n^-and near Cambridge ; the slill 
larger h\ tjiffOi Irum tlic chalic of Kent and Sussex. The 
ichtliyodorulite called PsUtacodtLs MatUtMi by Agassiz may be 
the dorsal spine of thin species. Three species» including the 
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E, Bueklandtf are found in the eooene of Bagshot and Brack- 

It'sham; and oue species (E. Iicleelieus) ia from the moUasse of 
.Switzerland. 

Genus Elasmodls, Kg^rlou. — Kiieh upper maxillary has 
three dental columna, bat the dentine is confluent, "being 
rolled round like a scroll on the substance of the bone, one 
edge forming the maigin of the tooth, the other buried deep 
m its centre."* The prentaxiDary has a thin incurved scal- 
prifonn tooth, rounded at the cutting edge, of a lamellate 
structure, with a columnar aiTanf|:enjent of the plates, which 
are juxtaposed. Tliis «;enus is exi lusivcly n pri-sented by 
species sir\ BunUri — from the London clay of iShcppy. 

Order III.— GANOIDEI. 

Char. — Endo-skeleton in some osseous, in some cartilaginous, 
in noiiiv purtly <<ssnius and partly c;ntilaj;inous; exo- 
skeleton formed by enamelled lioues ; tins usually with 
a strong spine for the first ray. 

Suh-arder 1.— FLACOGOOIDEL 

Cfuir. — Endo-skeleton cartilaginous, oi ret^iiuing the iiuto- 
chord; head and more or less of the tnink protected by 
laigie ganoid, often reticulated, and suturally united, 
plates; heterocercaL 

The last term signitit/s a tuna and stnictniv <>[ tail illus- 
tmted by fig. 58, and to l>e seen in the .slmiks, dt^-hshe-s, and 
sturgeons of tlie present ilay : it i^esults fmiii a prolongation 
of the vertebral column, n, into the upper lobe dn, producing 
an imsymmetrical form of the caudal 6n, which is contrasted 
with the 83rmmetrical form of the same fin presented by most 
fishes of the present day, nud illustrated by the LepioleptM 
sjnaili/onnu (fig. 7^1), and by the Sruiiophonts ^^tig. 70), in 
* Kgcrlon, Pmc. Ge«i. 8oc., Umy 12. IK47. 
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which the vertebral colninn terminates at the middle of the 

Vmsc of the caudal tin. Tlicro art- also iiitciiiieiliate luriiis 
and structures of this tin, suinv ot" them exempli lying arrested 
stages iu the development of the homocercal taiL 




Fig. 58. 

Ucteroc«rcal tail {LepidosUm o$teou»). 



Tlie fossil remains of the siiigidar fishes of the extinct 
order Plaanjanoidci were tirsl discovered ahout 1813, in 
formations of the " old red " or Devonian age in liussia, 
and ai-e i)reser\'ed in muBeuius at St. Petersbui-g and Dor- 
pat The relation of these specimens to the dasa of fishes 
was first announced by Professor Asmuss,* and shortly after, 
the generic names AdmiUpU and Bofhariolqpu weie invented 
by Professor Eichwald^f to express certain modifications of 
the external surface of jK)rtions of the <j;anoid platen subse- 
quently recognized as constituting the hucklcr of the fore-part 
of the extinct fishes. In SeptemlM i 1840 Hugh Miller sub- 
mitted to the geological section of the British Association at 
Glasgow the first discovered specimens which afforded a recog- 
nizable idea of the fom of one of these '^old red** fishes, and 

* Bolletia 8cient. par I'Acad. Imp. des ScieDces de St. Tetersbui^, 1840, t. 
p. 220. 

t Ibid, i. Tit., p. 78, oomtnanicated March 13, 1840. Dr. Yksa&ag had 
recognized ccrinin foMil scales at those of fishes in the "Old Red'* of Fife- 
sbire, in 1827. 
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for this fonu Professor Agassiz assigned the generic name 
PUriehihys (jitcroiiy a wing, idUhyt, a fish). Although, there- 
fore^ the term AsUrol^ had been attached to a ftagment of 
the cniraBS of this fish a few months pzeviooBly, yet» as no 
recognizable generic characteis were associated with each 
name, and as AsteroUpis has been applied also to other 
genera — e. v., IJuawxtrus aud HctcroMim of Asmuss — the 
pxamjik' of I'ritish ])ala*untolugi8ts will Ihj here followed, in 
i-etaining the naine FtericMhya for the present genus. Of 
all the or^rfinisnis of the system," wit)te the gifted Author of 
the Old Red Sanddam^ "one of the most extraoidinaiy, 
and the one in which Lamarck would have most delighted, 
is the FteridUkyB, or winged fish, an ichthyolite which tho 
writer had the pleasure of introducing to the acquaintance 
of geologists nearly three vi ars aj^o (181:0), but which he fiirst 
laid ojien to the light altout scvt ii years earlier" (1833). 

Genv^ Ptekichthys (tig. 59). — The head and the anterior 
half of the trunk are defended by ganoid plates — i.c., plates 
of haid bone coated with enamel ; those of the trunk fonning 
a buckler composed of a back-plate (fig. 59) and breast-pkte 
(fig. GO), articulated together at the sides. The rest of the 
trunk was defended by small ganoid scales, f^iving it, like 
scHie-arinoiir, flexiViility. Tlie fish hme a small dorsal tin (fig. 
59, and a teniiinal hetei-ocercal tin ; but these aw; very mrely 
displayeil in fossil specimens. Tlie pectoral spines, are 
fonned of ganoid material, like the buckler. The armour of 
the head, or helmet^ lo, appears to have been articulated by 
a movable joint to the trunk-buckler ii» ii. One of the few 
existing ganoid fishes {LepidmUui^ is remarkable for the degree 
in which the liead moves upon the trunk. The component 
dermal plates of the helmet corruapund in bi>me measure with 
the position of the cranial bones in osseous fishes, but not 
sufficiently to sanction the application to them of corresponding 
names. They are indicated by figures in the cut 59 : s is the 
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hont tcniiiiuil or /•"v/'/y;/ I'latc : it is ioUowcil in tlu' median 
iiue by four other platiis in the following order : — 4* preme- 



a 




Fig. 69. 

Pterichthyt, dorsal Rnrface (Devonian), after Pandor. 

dim; 6, liudian; i» postmedian ; io» nudi4il; s is the Marginal^ 
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and 7 the pOBtmargifuil ; s is tlip frrelateral^ and 9 the pmtlaierai 

The dorsal shield of tho tnink-ruiiiiss is roniposcd of two 

inid-i»latos and two on vnch side. 12 is the " (hmmicdiaiiy" 

14 the poiit-ilorsohmiian ; 11 ia the doTtolaUrai, 13 the post- 

dovRi^Iatrral. The ventral 

shield (fig. 60) consists of 

one mid-plate and two 

side-plates : 15 is probably 

a part of the cephalic 

shield or ol" the niandihle : 

19 is the vcntrolfitcr'il, 11 

the post^eiUrolateral ; the j 

small supplemental}' plate ; 

matked 17 is nsnally con- | 

fluent with 19; 16 is the V 

veniramedian plate ; its 

margins ore bevelled off 

and o\(m1iiii]iimI by the 

lateral plati s. 

The pectoral spines 

(tig. 59, c) consist of two 

principal s^ments, both 

defended by finely tuber- 

culated ganoid plates, like 

those of tlie head and 

trunk. From thfir fonn, 

they would seem to have 

■ served to aid the fish in FIk «*»'». 

shnffline alone the sandy Ptmeklkfi$; Plastron or VentnU ShwW. 
o ^ ^ (DeTonUn), ftftmr Fuider. 

bottom or bed, if left diy 

at low-water. The fins attached to the flexible part of the 
body indicate a certain power of swimming, though not 
with any great rapidity ; they include a small dorsal and 
a pair of ventrals — these latter were first observed by Sir 
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P. li^ertou. The jaws ate small, and possess coofluent 
denticles. 

The type-species is the PUfricMhyn MUUri ; others have 
been based \i\xm proportions ol the cuirass, uf the pectorals, 
and tlin tail ; all ai*e from the "old red sandstone,^ and the 
great majority have been found in the Devonian strata of 
Caithness^ and other Scotch localities. 

Qen%L8 CEFHALA6PIB (JeephaJc^ head ; aspis, buckler). — In this 
genus the posterior angles of the shield-shaped helmet are 
produced backward in a pointed form, giving to the head the 
form of a saddlei's knife in other respects the genus closely 
resembles PUriehthys. 

Mr. D. Vu^v has ricently acquired specimens of CepJui- 
laspis from Ijaiiaik-liire tilc-stoncs, forming the ba.sc of the 
Devonian system, which shew a tlorsal tin, pectoral fins, and 
a laige licterocercal fiii» besides a well-marked capsule of 
the eye-balh CepIuUaapU Murchismi occurs in the passage 
beds from the Silurian to Die Devonian systems. 

Oenus Fteraspis. — ^The buckler of Picra^ iruneatus has 
been found in a Silurian stratum below the laidlow bone bed ; 
it is the earliest known indication of a vertebrate animal. 
Pteraspis Lloydii occurs in the lower **old red" of Britain. 
The Pdla-o- or Archcco-tcutJiis of Fcnl. Roemer is founded on 
the buckler of a " devonian ** Pteraajju. 

Genus CoccoSTBtis {hokkos^ beriy ; ostcony bone). — If a 
heterocercal fin were added in outline to the i-estoration of 
the fish of this genus (fig. 61), a corfect idea would be given 
of the "old red' fossil, which, in the progress of its recon- 
struction, has suggested such divetse notions of its nature 
and aflfinittes. 

Tlie helmet and cuirass are linnly united, and there is 
no trace of the jointed appendages, like pcctonU fins, which 
characterize Pterichthys. The uiipn)tected ]»art of the trunk 
shews an ossification of the neural and hiemal spines, and of 
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their ai)peiula«,'t'S, the rays 
of a "dorsiil" and "anal" 
fin; and, hy tlio amdogy of 
Ccphafaspis, thv. tail was 
must i)rol)abIy tcriniuated 
by an unequal-Iobed fin. 
The lower jaw is composed 
of two rami, loosely con- 
nected at the s}nni>hysis; 
so that, being displaced in 
crushed fossil specimens, 
they gave the notion of tlie 
fish being provided with 
latendly-nioving jaws, like 
those of the lobster. But, 
the lower jaw worked verti- 
cally ui>on a fixed ni)per 
one; both jaws being pro- 
vided with froju ten to 
twelve teeth on each side, 
ancliylosed to the bone. 

An under-view of tlie 
cephalothoracic buckler of 
CoceostcM is given in fig. G2, 
shewing the internal sur- 
face and sutures of most of 
the cephalic plates, and the 
external surface of tlie plates 
of the plastron. 9, rmfral 
plate ; 7, premedian ; 5, uu - 
dian; 8, prclait rcd ; 6, late- 
ral ; 16, and ij, the mhn-hitdl 
hone ; 15, pi event rovudian ; 
behind the lozenge-slwqied 
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venfrrymcfllffUy niid on pach side, are (22) tlie pre-wntrolaternJ 




Fif?. 62. 

CVphftlotlioracic buckler, ventral anpf-ct, Coccwteun de.cipien$ (Devonian). 

and (20) the 2^0iit-vf7iirul(iter(fl. Tlie same figures mark tlie 
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above plates in tlie side view (fiij. 01), with the .odditiou 
of (iz) the (forwrnediu/i and (14) the //t>.>/-/A//'^'//^<'//V/7!, 

The blank space between the neural and h^mal (A) 
spines of the fossil endo-skeleton indicates the position of the 
soft *'notochord'' (e), which has been dissolved away. The 
cylindrical gektinons body, so called (in Latin i^crda dorsalii) 
pre-exists to the fomation of the hony bodies of the vertebrae 
in all vertebrate animals ; and the development of those bodies 
set'iris IK ver to have gone beyond this eml)r}'Oiiul phase in nny 
paljcozoic fish ; s\u li fi-shes are accoixlingly termed " iioto- 
chordal," as i-etainiug the notochord. 

TlieR' are but two genera of existing Gshes wliich mani- 
fest, when full grown, such a structure, associated with 
ossified peripheral elements of the vertebiss— viz., the Proto- 
ptfrus of certain rivers of Africa,* and the Lqaidonren of 
certain rivers of South America. Those fishes, if fossilized, 
would present tlic appearance of the vertebral column shewn 
in iig. 01 : and the lil<e persif«tence in all pal;i n/dir and most 
mezozoic (figs. 72 and 74) lislies of an enibrvonic vertebral 
chai-acter, tran^^itory in nearly all existing fishes* significantly 
testifies to a principle of ''progression.* 

The external ganoid surface of the buckler plates of 
Coccodem is ornamented with small hemispherical tubercles ; 
whence the generic name, signifying "beny-bone.* The 
similarity of this ornamentation to that of the plates of the 
bnrkl< r in sonio tortoises, led to the belief, when the coteos- 
teal plates were first found, of tlieir being evidence of the 
chelonian genus Trioni/x in Devonian beds. Passing notions 
also got into print of the cmstaceous affinities of Coceosteus; 
whence the trivial name of the t3rpe-epecie8 deeipifnst or the 
"deceiving'* Cacrostcua, 

Strange as seem the forms and structure of the placo- 

* Si o I/iDnn .in TraiiMCtioD», vol. xviii.; aod FrocccdiDga of the LiniiMti 
Society, April 2, J83i). 
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ganoid fishes of the ** old led" period, tliere are not wauting 
existing species which throw much truer light on their nature 
than any existing Chehnia or CruMaeea^ The singular little 

fiuiuly of " tnink-fislies (Osfracivnidrr) shews species in which 
iho body is inclosed iii a mure (ir loss i|ua(lraiigular cuirass, 
com[»uscd ot sutui ally-ailiculatcd ganoid }»lut«.'s, wliieh ai'e 
usually tuherculatcd on t\n; extonial surface, ttnd with the 
an*^lcs proloniTcd into spines in some species, like those of the 
helmet of (JqMa^is. The caudal part of the trunk pro- 
trudes from the back opening of the cuirass, as in Coecogtem 
and PierielUhySf and ossification of the endo-akeleton is incom- 
plete. The species of this family are for the most part natives 
of seas of tropical or warm temperate latitudes. 

Jn an(»tlRi fafiiily of existing fishes, called " Siluroids,'* 
there are speries in whii h tlir Itrmid cranial l>nii( s. connate? 
with dermal tjs.-)iticulioii.H, Unm a helmet to the head, whilst 
one or two dennal spinc^-bearing bones combine to form the 
part called buckler" by Cuvier.* In the genus Doras, the 
lateral line is armed with bony ganoid plates; and in CkUlichr 
thys, these biserial plates are developed so as to incase the 
whole body. But generally, as in Pimtlodui, the hinder 
muscular part of the trunk is undefended, as in Ooecosieus, 
The ganoid plates of the head and back shields are fretted 
with rows or ridges of confluent tubei"cles, raiUuling from the 
ccnlic to the circumlerence oi the plate, whilst the inner 
surface is smooth, as in Coamkus (fig. 62); and, moreover, 
the dorsal plate in existing Siluroids sends down a median 
ridge from its inner surface, like that from the *' dorso-median** 
plate in Coctmfeus, The point of resemblance to be mainly 
noticed, however, is the contrast fiimished by the powerful 
armature of the head and back with the unprotected naked- 
ness of the posterior portions of the cixatuiv — a \K)'mt specially 
noticeable in Coccostui,^, and apparent also, though in a lesser 

* flistoire des Poissonn, torn. zii. 



Digitized by Google 



PLACOGANOIDEL 



149 



degree, in some of x\w otlier g;en(Mii of the ol<l retl, such as 
the FUriehthtfes and AiUerol^ides. *' From the snout of the 
CoccosUm down to the posterior tennination of the dorsal 
plate the creature was cased in strong armour, the plates of 
which remain as freshly prescin etl in the ancient rocks of the 
country as those of the PiDichuli of the Ganges on the sln l\ es 
of the Elgin museum; but from the jHtiiitcd terminalion oi 
the plate immediately over the dorsal tin to the tail, com- 
prising more than one half the entire length of the animal, 
all seems to have been exposed, without the protection of 
even a scale; and there survives in the better specimens 
oiil} the internal skeleton of the fish and the my-lx>nes of the 
fins. It was armed, like a French dragoon, with a strong 
helmet and a short cuirass; aiitl so we find its reniiiins in tlie 
state in which those ot s«.»nie of the jsuKliers of Napoleon's old 
guanl, that had been committed unstrii)]>ed to the earth, may 
be dug up in the future on the fatal field (jf lionulino, or along 
the banks of the Dwina or the Wap. The cuirass lies still 
attached to the helmit, but we only find the naked skeleton 
attached to the cuirass. The Pterichthys to its strong helmet 
and cuirass added a posterior armature of comparatively 
feeble scales, as if, wliile its u}>per ]iarts were sliielded m itli 
plate-armour, a ligliler covering ot ring or scale armour 
suthced for the less vital j)artij beneath. In the Asfrn>l»/us 
the arrangement was somewhat similar, save tliat the plated 
cutiass was wanting. It was a strongly-helmed warrior in 
slight scalewnonr ; for the disproportion between the strength 
of the plated head-piece and that of the scaly coat was still 
greater than in the Ptenehih/s. The occipital star-covered 
plates uit3, in acme of the larger .s]K'riiin ii>, luliy tlnve- 
quarters of nn inch in thiekne;»s, whereas liie ihickuesij of the 
delicately-ii-elted scales mivly excet'ds a linr*. 

**Why this dispro|K)rtion between the stivngth «»f the 
armature in different parts of the same fish should have 
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obtaiiied, as in PUrichthya and AsUrolepis, or why, while one 

portion of the animal was stronj^ly iirnied, another portion 
jslioultl liax e been lull, ab in ( W"t/^4<^i;, "^vliully iixpu-^id, cannot 
of course be tletennined bv the nieie «n'<>loi,nst. His rucks 
present him with but the fact of tlie dispropoitiun, without 
accounting for it. 13ut tin natural history of ejdstiug fish, in 
which, as in the Fimelodi, there may be detected a similar 
peculiarity of armature, may perhaps throw some light on 
the mystery. In Hamilton's Fishes of the Ganges, the habitats 
of the various Indian species of Pimehdt, whether brackish 
estuarievS, ponds or rivers, are described, but not their charac- 
teristic instincts. Of the Silurm, howcvci, a genus of the 
same great fatnily, I read el.^ewlieic tliiit some of Un- -pecies, 
such OS the i^iluniJi Glanis^ being unwieldy in thcii" motions, 
do not pui-sue their prey, which consists of small iishes, but 
lie concealed among the mud, and seize on the chance 
stragglers that come in theur way. And of the Pimdodus 
guliOt a little strongly-helmed fish with a naked body, I was 
infonned by Mr. Duff, on the authority of the gentleman who 
had presented the specimens to the Museum, that it burrowed 
in tlie holes of muddy banks, from which it bliot out ita 
armed head, and arrested as they passed, the minute animals 
on wliich it preyed. The anunal world is full of such com- 
pensatoiy defences; there is a half-suit of armour given to 
shield half the body, and a wise instinct to protect the rest 
Kow it seems not Improbable that the half-armed Coceotitfma, 
a heavy fish, indifferently fumished with fins, may have 
burrowed, like the recent Silurm Olanis or Pimdodus gulio, 
in a thick mud, of the existence of which in vast quantity, 
during the times of the old red sandstone, the dark Caithness 
flagstones, the ftetid breccia of SUatlipcller, and the gray 
siratilied clays of Cinmaily, Moray, and Banil unequivocally 
testify; and that it may have thus not only succeeded in 
capturing many of its light^winged contemporaries, which it 
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Would liiive vainly pursued in opeu sea, but may hnw Wen 
enabled also to present to its eiieniied, when assailed in its 
tuni, only its armed portions, and to protect its unarmed 
parts in its bnnow.'* 

Family. — SruaiONiDAt. 

The 8tiirpeo!Js an- an Hxr»']»tional kind ui" fislit-s at the 
present day. Tin v include one of the tew existing genera 
(6V«r/"' ^^llicL liave the "ganoid" scales, but these have the 
size and shape of plates» joined by suture on the head, de- 
tached in rows along the trunk. This plaooganoid type 
of exoskeLeton is combined with as ancient a condition of 
the vertebra] column, in which the notochord is persistent 
and the vertebral bodies consequently absent, whilst the fop- 
iiuitioM (»!' the an hes and their appenda<?es does not pass 
beyond the cartiiuginous stag^ except in piirts of the hiemal 
arches of the skull. The other genera of the DEunily shew the 
exoskeleton either in excess, so as to encase the caudal part 
of the trunk (Scaph'jfrkyMhus), or almost wanting, as in the 
paddle-fiflh of North America (SptUularia). The whole family 
is edentulous. The skeletal basts of the head and fins is, 
however, sutlicit'iilly hard to Im* liieacrved in the fossil state ; 
and thus fishis allied to the last-named aberrant genus have 
become known to us as havhig tenanted the liussic seas of 
(now) British coasts (Lyme Kegis, Whitby). Tln^ name 
OhondrasUw was given to this genus by its discoverer, 
AgBoaiz ; two species have been well described and figured 
by £igerton.t 

In the arrangement of the cranial plates, and of the 

edentulous maxillary and mandibular ;irrli» s, in the per- 
sistent notochord, in the apparent compu&ition of the neur- 
apophysis of two pieces, and in the couHueuce of the 

* Hugh MiU«r, ItambUd of* Geologist, p. 28S. 
t PhiW Trui. I89S, p. 871. 
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.scajmlii v> i\h tlie roracoiil, CJunulrostt n.s with Stuino. 

Ill tlie stnicture of tlio byoiil and oi^rcuJar ivjjrioua, in the 
better ossificatiou of the eiidoskeietoiv and in the shape 
and number of the fulcra! scales" of the taU, Chandrosteus 
shews a nearer affinity to the Lepidoganoids. In the absence 
of a spine-armed plate in front of each median fin« in the 
more advanced position of the dorsal, in its decj)er fonn and 
smooth inteirunicnt, it i» si ml.]. ^ Sj'"h''Iaru(. The fore part 
of the head is too niutilaltd in the fossils to prove tliat it 
might not also liave resembled tlie Spain/aria^ in a paddle- 
shaped production of that part The liassic stuigeon seems to 
have enjoyed a more tranquil existence than the modem ones. 
The associated molluscous and radiate animals prove the 
marine character of the waters it inhabited. The thinly 
limiiuuted beds of shale and limestone in wiiich its remains 
occur te>tilV to the tmn(jnil roinlitiMn of the isea in whicli it 
lived ; its smooth skin doubtless harmonizing in tint with the 
muddy bottom, served to conceal it from the predatory 
saurians with which it co-eiuated, so tliat Chondrosteus re- 
quired neither defensive armour nor locomotive energy to 
Mfil the functions assigned to it 

Evidence of a tnie sturgeon (Acctpmser) has not hitherto 
been met with in l<a ni;itions of older date than the eocene 
clay at Sheppey (Acc. toliupicu^, Ag.) 

Sub.Order 2.— LEPIDOGAXOIDEI. 

This family includes a few heterooercal fishes with two 

dorsal fins, and a lai-ge anal, adding hy their backward posi- 
tion to the power of tin- main pi(i|.( lling organ — the tail. 
The head is large and well delended hy ganoid bones : the 
teeth aw conical and sul>H^(pial; the scales perforated by 
small ibramina ; the notochord is persistent 
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In the genus Dijtfcri's (tig. G:]\ tlie two domls, ff 1, 
(I 2, are opposite tlie anal a, and the space theuce exteuding 
to the ventrals v ; the latter being a little in advance 
of the first donaL The Dipterm macn^qndotw is ohaiao- 




Fig. 63. 

D^ptenu maeniqpidatiiB (DevonUn). 

tended by the laige size of its 8cale& Its remains are found 
in the old red sandstone of many localities of Scothmd and 
England. 

In the allied genns Diploptervs the dorsals are wider 

apart, and the trcth are Larger and fewer. Four speeies 
have Ix-en itM ugnised in tli<' middle "old n-d " of Gamrie, 
Orkney, and Letheubar. Two species occur in the carboni- 
ferous scries. 

In the genus OsieoUpia the first dorsal is near the middle 
of the back. The teeth are shaip ; not any of the species 
exceed a foot in length : they are all ttom the middle "old red.* 

Family II. — ^Acantbodii. 

The species of this laiuily are charaeterized hy their very 
small scales : they are heterocercal and notxtchordaL Tliere 
is a strong spine in front of each fin. The head is large ; the 
orbits approximate ; the mouth wide^ formed chiefly by the 
maxillaries, and opening obliquely upwards^ so that they 
have somewhat the aspect of the U ranoscojn. They have many 
branchiof^t' gal rays. Thf ]>riii< ipal g<'n»*ra an* froni the old 
red saudstone, and are as follows; — Cfuiraca/iUn'n, with a 



Digitized by Google 



154 



rAL-*:OXTOLOGY. 



single dorsal situated in front of the anal ; AcarUhodtSy in 

which thf dui"sul is situated belli ud the anal ; and Dipla" 
canthas (lig. Gi), in whidi tlicio ait* two dorsals. 

The JDIj'^'f' f^nthus stria/ ils is fniind in the "ukl ivd " of 
Cromarty, in hg. 64, as in the other iigure8» ^ is the pectoral 




Fig. <",«. 
Diplacanthu* ttriatua. 



fin, d the dorsal, v the ventral, a the anal, and e the caudaL 

111 this species tlie ii])i»er h)be of the caudal is much pro- 
longed. The fin-spines iu the Acantkodii were, like those 
of the recent dog-tish {Spimuc), ainiiily imbedded iu the 
flesh, M'itli their base, as it were, unfinished : not provided, 
as in the Siluroids and other modem hony fishes, with a 
joint-stroctnie. 

Cheirolqris, with the minute scales of the fimuly, has the 
dorsal behind the anal, but has no spine in any fin: the 
mouth is large, the teeth small and uniserial. Some species 
of the present family, ^ ca7i^A(/'/'> B ro a n iif Ac. snlaUus, existed 
in the seas of the carboniferous period. 

Family III. — C(£laoanthi. 

The species of this fiiuaiily are characterized by the hollow- 

ness of the rays or spines ; whence the name. The caudal fin 

has a peculiar structure, the vertebral column being continued 
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into and beytdid its iiiiddle part, su]»i>oitiiiy u kind of slender 
appeudage between tlie two noniial 1*>Im s. CVelacaQtks are 
most abundant in the JJevonian and carboniferous forma- 
tions ; bat some occur in oolitic and even in cretaceous beds ; 
but all became extinct before the tertiary epoch. 

Fine specimens of homocercal fishes, with rounded ganoid 
scales, seiilptuied externally iiud })ieried by pi"<>- 
luinent luiu us-tiiln s, as in ti^'. 05, have Ihth 
dibcovered iu the chalk tbrniatiuus uf Kent and 
Sussex. They have been referred by Agassiz to '--^ 
the genus called Macrppoma, significative of the 
large sise of the gill-cover, and to the codacanthal ManteUi 
family. Casts of the interior* of the alimentary 
canal, shewing impressions of a broad spiral valve, are pre- 
served in cei-tain sj)eciniens in the IJritish Museum. One 
species {M. Ejertoai) is from the Speetou clay; the other 
{M. McnitclU) from the chalk. 

t'cdacanihvs is represented by species in carboniferous 
(U Upturus), permian (C granulasua), and 
triassic (C. minor) beda 

Glyptolepk had a heterocercal tail, with 
rounded scales, smooth externally, and with 
radiating coni|)artnients internally. The (I. mi- 
crolijndoius, of which a maj^nified view <jf some 
scales is given in fig. GO, occure in the middle 
old i\-d .sandstone of Scotland and Bussia. 

FJuflioiqns is, as yet, known only by its 
laige smooth or concentrically furrowed scales, 
some of which are six inches in diameter, ^o^)* 
Ph, eoneentricM occurs in the ui)i>er old red of Clashbinnie ; 
AsteroJrpi^ in tli*- jiiiddle old rt'd of l-l^in ; BufhriahjnM iu 
the ujjper old reil of Scotland and llu^sia ; and (j/i/pto^'Oniits, 
with the cmnial boue;^ »culptured externally, iu the upper old 
red of Dura Den. 




pu muTO- 
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Family IV. — Holoitychiux. 

The type-genera of this &mily were first recognized and 
characterized by the fossil scales, tinder the name Hokpiyehim 
(Ag.), and by the fossil teeth, under the name Rhvtodus {0\\.) 

They iiuliule species which have left their remains in the 
*" uM red" and llu; coal measures. They are nearly rdlied to 
the Cadacanthinns, having, like tlu^ni, but ])artially ossilicMl 
bones and spines, the ijiterior of which i-etained tlicir primitive 
gristly state, and appear hollow in the fossils. Tiie head was 
defended by laige externally sculptured and tuberculate ganoid 
plates. The teeth consist of two kinds — small serial teeth, 
and large laniaiy teeth, the latter placed at long intervals; 

both kinds shew the " labYrintliic' structure* at 
tlieir lukse, which is anchvlnsed to the ia\vl»onr'. 

The generic term Rhizodm is now ivtuined tor 
the Iiol'>-j>f>/< hii(ii.^ of the coal measures which have 
c , i. rr , robust and obtuse serial teeth, and longer, 

Bcale of fffdo- ^ 

ptychiusnobi' shaiper, and more slender laniaries, exemplified by 
vonian), W^he J2. HUAerii Species of true Holoplychius — 
iMt. SIM. // (/{(/anUus (Ag.), H. nobUimmus (Ag.), occur 

in the old i*ed sandstone. A noble sjiecimcn of the latter 
species, 2 feet (J iiirh( < in Itjugih, diicuvcicd in the old red 
sandstone at Clashbmnie, near Perth, is now in the pahe- 
ontological series of the British Museum. It is chiefly 
remarkable for the size and bold sculpturing of the ganoid 
scales (fig. 67). 

Lazge fossil teeth, with the more complex "dendritic'' 
disposition of the tissues, characterize a genus {Dmdrodua), 
most probably of the Holoptycliian family. The com}>lexity 
is produced by numerous tissun ;. mdiatiiig hum a central 
mass of vaisodeutiue, which moi-e or less fills up the iml])- 
cavity of the seemingly simple conical teeth of this genus. 
* 0«ren*s Odootop-airfijr, 4ta, 1840, pi. 8fi. 



Digitized by Google 



LEPIDOGANOIDEI. 



157 




Vifj. i\H is one thi'i^Q fossil teeth of the natural size — «, a 
transversa section ; and fij:. 00, a reduced view of a iM»rtion 
of the same section (n) eular;4ed twenty diameters. Thus 
mngnifieil, a central puli>-cavity of 
relatively small sizei, and of an iiv 
legular lobulated fonn, is discerned, 
a portion of vildch is shown at p ; 
this IS immediately snrrounded hy 
transverse sections of large cylindri- 
cal vascular or I'ulj) canals of ditV» - 
rent sizes ; and Ijcyond these then- 
are smaller and more numerous 
medullary canals, which are pro- i-'>g 
cesses of the eentna pulpH»vity. In ^ooth of /).«./r«i.«. biparcu^* 

m • .« (n^t. size.) 

the transverse section these processes 

are seen to be connected together by a net-work of smaller 

vascular canals belonpfing to a coai-se osseous texture, into which 
the pulp has heeii converted, and this stnicture oci upi< s the 
middle half of the section. All the vascular canals weiv tilled 
up by the opaque matrix. From the circuniference of the 
central net-work straight pulp-fissures radiate at pret^ regular 
intervals to the periphery of the tooth ; most of these fissures 
divide once, rarely twice, in theur course— the division taking 
place sometimes at their origin, in others at different dis- 
tances from their terminations, and the branches diverge 
slightly m they proceed. l*^ich of tlu' ahove pul}>-canals or 
tissures is continued from a short pnxess of the centnd struc- 
ture, which is connected hy a concave line with the a(\[oining 
process, so that the whole penpheiy of the transverse section 
of the centnd coarse reticulo-vascular body of the tooth pre* 
sents a orenate outline. From each my and its prinuuy 
dichotomous divisions short branches are sent off at brief 
inter\'als, generally at right angles with the trunk, or slightly 
inclined towui\ls the jieripher)- of the tooth. These sulnlivide 
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into a few short ramifications like the branches of a shrub. 

and t<»rminato in irrofnilar anfl somewhat an^ar dilations 
siiiiulatiiif^' leaves, lint which resolve thonisolvos into radijitiiig 
foiiciculi of miuute duutiual tubes. There are from fifteen to 




Kip. 

Magn. section of part of Dendrodus biforeatua. 



twenty-live or tliiity-six of these sliort and small lateral 
branches on each side of (lie medullary rays. 

Such are some of the forms and structures of the fishes 
that swam in the seas from which were deposited the sedi- 
ments that have hardened into the ''old red sandstones" of 
Great Britain, Russia, and other parts of the world. And 
in this process of consolidation the carcasses of the fishes 
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entombed in the primoYal mud have had their share. For, 

just a8 a plasteiMjast boiled in oil derives gieutcr duiiiaity and 
dunil'ility from that addition, so tin- oily and other azotized 
and ammoniacal ytiiiii iples of tlie decomposing fish operated 
upon the immediately surronnrlin^ ?5and so as to make it 
harder and more compact than the sediment not reached by 
the animal principles. Accordingly it has happened that in 
the course of the upheayal and disturbance of "old red** 
strata, parts of it, broken up and eicposed to the action of 
torrents, have been rrMliK.ed to dt'tritu.s, and washed away, 
with the exi'^^ption of certain nodules, j]^enerally of fi flattened 
elliptic form, which are harder than the surrounding sand- 
stone. Such nodules fonu the Ijcd of many a mountain 
stream in ''old red sandstone" districts of Scotland. If one 
of these nodules be cleft hj a smart and wellnipplied stroke 
of the hammer, the cause of its superior density will be seen 
in a more or less perfect specimen of the fossilized remains 
of some annual, iun>t ( t.uununly a tish. 

But tin- placognnoid and lepido*ranoiil, In/tcKK < renl and 
notochordal, fishes of the l>evonian epoch existed in such vast 
sljoals in certain favoni ahle inlets, that the wliole mass of the 
sedimentary deposits has been affected by the decomposing 
remains of successive generations of those fishes. The De- 
vonian flagstones of Caithness are an instance. They owe 
their peculiar and valuable qualities of density, tenacity, 
and durability, to the dead fishes thai lottt.d in thfMr primi- 
tive constituent mud. Kioiii no other part of tlio wuiid, pur- 
haps, can a large fiagstone be iTot, win* h a huildn ( ould set 
on its edge with assurance of its holding lung together in that 
position. A great proportion of the county of Caithness 
formed, before its upheaval the bottom of what may tmly be 
tonned a " piscina mirabilis.'^ Tet there are minds, who, cog- 
nizant of the wonderful structures of the extinct Devonian 
fishes — of the eviilence of design and adaptation in theii 
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structures — of the altered nature of the sediment surrounding 
them, and its dependence on the admixture of the decomposing 
and dissolved soft parts of the old fish — ^would deliberately 
reject the conclosions which healthy human reason must, as 

its Creator has constituted it, draw fi*om such proofs of His 
«»|M ritti«<us. Tilt -*' " inatiniiidibts*' trj' to make it be believed 
that God had i-eeently, and at once, called into being all these 
phenomena ; <t the fossil bones, scales, and teeth, had 
never served their purpose — ^had never been recent — were 
never truly developed, but were created fossil ; that the 
creatures they simulate never actually existed ; that .the 
superior hardness of the inclosing matrix was equally due 
to primary cK iitinii, not to any secondary cause L\kr the 
Manicli'-aiis, tln-y ivtV-r thf i^ool<i<^rj(.al ovidriici.vs oi' dc]M>sitioii, 
supeiposition, stratilication, j»eti itai tiou, and upheaval, equally 
with the palfcontological proofs, to the o^ierations of a being 
actuated by an elaborate design to deceive. 



Family V. — Pal^oxiscid^ 

The Placoganoids, so richly represented in the Devonian 
e])Och, diiiuppear in the carboniferous one; tbc L<'iii(li>i;aiiuids 
incrensf' in number. In the pivsent lainily tliey combine 
with rliomboid scalen, a heterucei*cal tail, nnd jaws armed 
with numerous, minutis close-set, rather blunt teeth. The 
type^nus is Pakeoniseus (fig. 70), species of which range 
throughout the carboniferous and Permian beds : it is chankc* 
teiized by moderate-sized fins, the dorsal, />, being single, and 
opposite the interval between the anal, J, and ventral, T, 
fins : eacli fin lias an anterior spine ; tlie fore-part ot tlie head 
is obtubi'. lu tlie rti/ifviiisci from the coal fomiations at 
Burdie House, near Ediubuigh, the outer surface of the scales 
is striate and punctate ; <.^., in P. orn<ilimmtts,*P. sirvUtis ; 
but in the Palctonisci of other liritish localities, and of the 
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contmental and American coal formations, the scal«-s aro 
smooth ; cr/., in P./idfit.s, from North Anicrita, P. I) 
and y^ iiuni'tiis, Innn tliu coal Im.Is of Minister Appel. In 
the Pahonisci from the Pemiian copper scliale,s and zech- 
8t<?iii. the scales are striate op punctate. The Faleumiacnit 





Fie. 70 
FalaoHucuA (i'trnjuui). 

Frekdeheni is the most common, and vaa the firet recognized 
species of the genns ; of which there are forty known species, 
chiefly from caifoonifeioos and Permian ei^s : one from tlie 
Keuper beds at Rowington, War- 
wickshire, ap])pa]-s to ])o th«' last 
i-fjiiT'si'iitativc (if tiie genus: it is 
the Palaon i^iry.^ supcrstesoi Egerton. 

Amhlyptt rtis^ \vith a geological 
range like that otPalascniaem, differs 
in its shorter and deeper tail, and o^x^ t /'f, 1 
laiger body-flns, which are devoid of (Cftrboniienmii). 
anterior spines. In % 71, o indicat^-s the outer surface ..rj-arts 
of two series ofthe rhoiulM.i. la 1 -anuid scales : and h the inner 
surface of two scal.'s, shewing the ridge produc«'d at one end 
into a projecting peg, which hts intoa notch of the nextscale^in 
the way that tih s are i>egged together in the roof of a house. 
The species affording the above structure is the Amt>hjptcrm 
liriatm firom the coal formations at Newhaven, other 8i>eeie8 
of AinhlypUrus have left tlieir remains in the muschdkalk, 
at which triassic period the genus seems to have paiised 
away. 
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Elmichthys^ from tlie coal t»f Wettin, with longitudinally 
striate jaw-bones, and ladiately striate skull-bones* combines 
certain characters of the two above-named genera. 

PledrolepiSy from the coal of Scotland, with thick 

and densely enamelled scales, liavinj; fonr or five spines 
on their hind l)orJcr, is also characterized hy a more ad- 
vanceii position of the doi'sal tin than any other genus of 
Faiwoniscidce, 

Family VL — Sauricbthtidjc. 

Magnificent species of hetcrocetcal rhomb-scaled Ganoids, 
with large dispersed laniaiy teeth, sometimes of a size rivalling 

those of gi-eat Saurians, for which they have been mistaken, 
liave left their nniains in the coal strata at Carluke, near 
(!lasf,'ow, and other localities, and (institute the j^enus Mega- 
IkWiys of Auassiz. The head is defended by strong ganoid 
plates, of a beautiful indish; the trunk-scales are usually 
granulate exteriorly. In this genus^ as in the lype of the 
family, the fulcra of the fin-rays are in two rows. The type- 
<renus Sanrickihys has the teeth lodged in an alveolar groove, 
as in the Ichthyosaur, the crown bein<? divided by a sli(;ht 
constriction fiT>m the Itase : all tlir kiiuwu species of Sfu- 
rirhthjs ar(^ tria.ssic S. lowjuUm is from the bone-bed at 
Anst Clifi; Bristol 

Fahilt VII. — CATtmmA. 

Homocercal rhombo-ganoids» with a short dorsal fin, and 
some of the teeth much laiger than the rest, and 
laniariform. 

Gcnm Catukus. — In this genus the jaws are armed with 
close-set, lai^^e, conic^il teeth ; Uie scales are delicate ; the fins 
are of moderate size ; all the species are homocercal and 
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notochdrdal (iig. 72). The donal, is opjxMitc the ventia], r. 
One species of Caiurua (C. Buddandt) is from the lias ; bnt 
the majority, like C.fnroaiuB^ are from the lithographic slates 
of Solenhofpii. The most recent known species (C. nmilis) is 

fixjin the clialk t»f Kent. 

Pacliycurmuii, JSauroiUumus, tSimrypsiSf Thi-issonotu^ and 




Fig. 72. 

Ortwnw /meatm (Oolite, Solenhden). 



Evgnathm, are liassic genera of the present family. It is 
deemed by some Falsontologists to be represented at the 
present day liy the North American genus Lepidottfus ; but 
in this fish the notochonl is converted into Inmy vertebral 
Wlirs, united l»y ball-and-S(*cket joints, and the tail is lietero- 

Familt VnL — Ptcnodontrj. 

The name of this group of ganoid fishes refers to the blunt 
rounded form of the greater proportion of the teeth, espe- 
cially those attached to the palate and hind alveolar pari 

of the lower jaw : the few anterior teeth are small an<I 
siil>-|»rr]M'iisile ; but tin* whole d('ntiti(»n lies|K'aks tislu's 
atlajttcd to feed on small t<'staceous and erustaceous animals. 
In the modem " Sea Breams'* (Sparoids), with an analogous 
dentition, the two premaxillanes oppose the two premandi- 
bulars, but in the extinct F^cnodonts the vomer, as in 
Anarhiehios, opposes its pavement of teeth to that of the two 
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closely appioxiiuated piemandibuiar or dentaiy olemento of 
the under jaw. 

The FycnodontB were for the moet part deep-bodied fishes* 
S3rminetric8ny compressed ftom side to sida They were 

notochdidal ; a fow of tlu* earlier forms wero heterocercal, but 
the majority of tin- familv wt if liomocereal. 

The Pnaunhnii type was first manif<'sttMl ia the carboni- 
ferous strata by the heterocorf-al «,'eniis lHahf!nmv% and by the 
species P, panmliu, which has been found in that formation 

at Leeds: bat this 
earliest pycnodont 
genus is chiefly re- 
presented by Per- 
mian s]»ecit's, of 
whitli Phiti/somui 
gibboaus (fig. 73) is a 
fine example. 

In the lia8» many 
Fig. 78. beautiful foesO fishes 

(MchstebofMuitfield). irum\> are 

foniul, wliich were referred V)y Bromi to the ^'enus Tei rarfom*- 
lejm. Sir P. Eyjerton has shewn tluit tin* denlilioii is " pycno- 
dont," having a close resemblance to tliat of Microdus, but 
with the masticatory apparatus smaller in proportion to the size 
of the fish. The scales, moreover, instead of being articulated 
by interlocking pegs and sockets, as in fig. 70, are joined in a 
peculiar way, which Sir P. Egerton describes as fbllows : — 
Each scale bears upon its inner anterior maiijin a thick solid 
bony rib, (>\tendint; u]»war(ls lieyoml the niaruin of the scale, 
and sliced otf obliipiely above and below, i»n op}Hisite sides, 
lor iorniiug si>lires witii the corresponding processes of the 
adjoining scales. These splices are so closely adjusted, that 
without a magnifying power, or an accidental dislocation, they 
are not perceptible. When in tHu, and seen internally, these 
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oontumous lines decussate, with the true vertebral apophyses^ 
and cause the regular lozenge-shaped pattern so characteristic 
of the pycnodont family."* 

Qtnus PYCNODU& — ^The type-genus of the family is cha- 
racterized by the large size of the round Hat-crowned teeth, 
which cover the broad jaws as by a pa\eUR'nt of from three 
to five rows ;f at tlie tbitj-itart of the jaws two or more 
trenchant incisive teeth both above and below. The obIir[ue 
inner processes of the scales appear as distinct dermal ossicles 
decussating the neural spines in tiie space between the 
occiput and the dorsal fin. 

This species of Pyenc^ abound in the oolitic formatious 
above the lias : the one figuit'd {P. rhombiis^ fig. 74) is tVoni a 




Fig. 74. 

PjftmdM rhomim (Upper OolitM). 



calcareous (U'jxisit, so cliarj^ed with animal remains ius to \>e 
fietid, at Torre d'Orlando, near Naples. Species of J^i/cnmlus 
{P. cirtnrfou.% t. ff.) occur in tlie chalk of Kent; and one 
species ( F. toliapieu») has left its remains in the eocene day 

• Proceedings of the Geolofru al Society, Haj 1863, p. 276. Tlieso deeot- 
wUng "pleuni1< i>i>]:i] " liii'^ at < . Iiuwevi r, in (tome geiwn confined to the spaoe 
between the !<kull uud tiie dorsal tin, am in (ig. 73. 

t For the dinpoiiition of these teeth on the paUtc, seu Owen'a Udontogntpb^, 
vol. i., pi. 34, figa. 1 and 3 ; and for their nkroecopic itmctore, ibid, p. 71, pi. 83. 
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ol' lr>lu'i))H V. S<inie teeth from German mioceiie have been 
referred to this gernis ; but at this period, if uot at the earlier 
tertiary one, Pyenoilus became extinct 

Family IX. — Dapkuiuj^. 

Notochordal rhoinbo-gauuids, ynth front teeth conical or 

hiturcate, l>ack t<*eth obtuse, vertebral coluiuii and side 
Males ( Miitiuu. d iiitu tin* in»p«.'r lobe i>l an alniu.st syui- 
luctrical Uiil-liu. 

The pycnodont T^ragmoUpU of Bronn being eliminated, 
the lepidoid fishes, referred by Agassiz to that genus, con- 
stitute in the present family the genus jEehmodm^ Yj^. 
Tliese aiv ilistinpruished t'l-oin the clo^ely-mseinbling genus 
Ij,(j>'J/i/s, In liuving the .sinall anteri'T ttrlli coniral ami 
siuylc-poiiitiid, instead ol being bituicale ; and althuugh tliis 
character is subject to occa.sional variations, nevertlnjless, on 
taking a comprehensive view of these dapedioids, it seems 
to have been sufficiently constant to warrant Uie continuance 
of their sepai-ation into the unicuspid (./£(^fnodu8) and bicuspid 
{Dajmliii^) front-toothed genera. 

The tyi)e-g»'nus, Dapcdiu^s is a compressed deei>-bodied 
h.^h, with a single dorsal, and a single series of lin-fulera : the 
front teeth are commonly notched. All the specieti art t miu 
liassic stmta A-iMyurus, with a similar form, and also 
liasftic, has a very narrow anal, and a wide mouth with small 
lK>inted teeth. ScmicmhM and Pholidoph&nts arc long-bodied 
fishes, the species of which range from the lias upwards to 
the Purljeeks (Pkolulophanis omatu^)^ and to the chalk {Semi- 

Family X. — LspiDoTiUiB. 

llumocorcal rhouibo-ganoids, with obtuse Umih and well ossi- 
fied veiicbrje. 
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The typc-^'enus of this laniily, Ijcjndotm, is ivniaikable 
for tlie density JUid }K)li>li of it.s fiill-.si/ed iiiiln i( atcd rliom- 
V)oid scales ; it Las a short dorsiil liii op[»(i.sile the anal, 
Hud has two rows of fuiciu to the anterior ravs of all the 
fina The sjK^cies range from the lias to tiie chalk; one 
species, indeed (Lipidotus Maximiliant), lingers, after the 
commencement of the tertiary period, in the calcaire grossier" 
of Pbris. 

In NothofKmua and Ojihuqisis the fin-fulcra are in a single 
r»>w, and the dorsal fin is very lonp. Notaywjiui and Proptervs 
liu\ e the doi"sul liu aiuiost cleft into two. 

Family XL — ^Lbftolbpidje. 

The Ganoids of this family are homocercal, and have 
small rounded scales. In the type-genus (Leptolepis, fig. 75), 




Fig. 75. 

L^fkttgfu tpr aUifi mn ii (OoUte, Solmhofen). 



the scales are extremely thin, yet a fine layer of ganoiu 
may be discovered in them, and has contributed to their 
preservation. The teeth are minute and en bnm^ with 
two of larger size in fwnt of the mouth. The vertebras 

arc ossified. Species of Li/'fo/cjn.i range Iruiii tlie lias 
to the calcareous >]ates of Eiehstadt. Tlit v are vciy com- 
mon iu the lithographic slates of Soleuhofeu and Pappeu- 
heiui. 

A transitional step might be discerned on the derivative 
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liyiM)tlicsi.s, in the present family, to the soft-scaled coveriug 
of later fishes. 

The lepidoganoid tyf)e of fish is not known to have existed 
earlier than the Devonian period; at which, however, it 
already offered two forms of the overlapping scales, DipUmt 
shewing the rhomboid, and Holajjiijchiua the rounded form. 
Of the lepidoganoids of the carboniferous strata, PaleBoniseus, 
Pll'iojiti rijL% Acrolcpis, Eui ifnutaSy Klonichthys^ Pleclrolqns^ 
(j /•"/'/"/, Oi'infudtlii'^, Podikfiis^ AcanthvdtJi, ami J/ij/loj/leri'\ 
had rhomboid scales. Calacanthus, fsodu.s, Phi/llok^is, Haplo' 
pifffus, UronettmSt Cdouixhis, Onfrodufi, Aateroifpis, Psamr 
7H08teu8t and OsUqplax, bad rounded scales. 

Of the above-named genera, Acrdepis, Pygoptents, Pakeo- 
nwcuSf and Cahtcanthus, continue to be represented in Penniaii 
beds ; in which also are found species of the ganoid genera 
fhrrf/ptcrmy and GiohuhHlns, il tlie tectli du wliirli tlii» lattc^r is 
hased be n(»t tliosc o\' Pint ;isiu,tiu% apycuodout gcuus which is 
both Permian and carbouiferoua 

The formations of the mezozoic or seoondaiy periods give 
evidence of the full development of the ganoid order. In the 
lowest or '^triassic" division, this order is stOI represented by 
heterocercal and notochordal species belonging to some of the 
genera of the Permian period, as, r.g^ CwlacanthitA, Amhly- 
2)krus, and Ptilomucu^s. The «:oniis Phicoihu% a supposed 
pycnodont fish oi the muschelkidk, has been shewn to be a 
concliivorous Sauriun. 

Of 3a genera of fislics in the lias, 4 only were repre- 
sented in older strata, while the rest extend into the upper 
oolitic beds. Most of these are Ganoids with rhomboid 
scales. LeptolepU has rounded scales; and this shape be- 
comes more common in the mezozoic genem wliich appear 
later than the liiis, such as Thristioj}s, MtujuluniSf Oiu/uplcurttSf 
etc. 
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The heterocei-cal Gauuids are almost completely supeiv 
Beded, in the oolitic series^ by homocercal genera^ which now, 
for the first time^ appear on the stage of life ; bnt the ossificar 
tion of the endo-akeleton is still incomplete. In the cretaceons 
series the Teleoiitian, or well-ossified, bony fishes, are nume- 
rous; anil here also first are seen finhes with the flexible 
"cycloiiF 01 ''cU'uuid" sralcs, aiul of genera which continue 
to be reprtjsented by liviui; species. 

In the tertiary division of geological time the ganoid order 
rapidly diminishes, and its place is taken by fishes with better 
ossified internal skeletons, and with thinner, more flexible, and 
usually soluble scales. Tlie gills are sui)ported on bony arches, 
and ai-e protected by bmuclii'ist^gal rays, and by an oiXirculum 
or gill-€ON'er. Tlieaurtic hull) is pixtvidcd with l>ut two valves; 
and the optic nerves decussate. For this group, including the 
migoiity of existing fish^ and of those which made their 
appearance during the tertiary period, Miiller proposed the 
name '^Teleostei," which almost corresponds with the ** osseous 
fishes of Cuvier. The difference of shape of scale seems not 
to have been more significative of ordinal distinction in the 
tishes with flexible or horny, than in those with haixl 
eiianielled scales; the toothed bonier, or "ctenoid" ty]»t', uf 
the soft scale may serve, however, like the even bonln or 
cycloid'' type, to characterize minor groups of the better 
defined ordeis of soft-scaled fishes. 

Ordek IV.— AClMliurTEia. 

Char. — ^Endo-skeleton ossified ; fins with one or more of the 

fii>>t rays unjointed or inflexible spines; ventrals in most 
l)eneath or in advance of the i)ectomls ; swun-bladder 
without air-ilucl. 
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Hub-Order I.— CTEXOIDEL 



Exo-bkeletuu cttiioid scales ijig. 7G). 

This sub-oi-der includes the existing families of the jiei clu 
tlic bii aiii, the' giiiiiaiil, and tlic ('li(i t<Mlniit ; it will licre 
sutticc to excuiplify it l>y two ^aiuriu, both of wliicli are 

extinct. One 
{Semiophorus) 
l)eloiig8 to the 





Hp. 7»5. 

Scale of 7Vm« 
(Recent). 

chetodont fa- 
mily ; the other 
(Stnerdu) to the 
Percoids. 

The genus 

i A*^. 77), is 
represented ex- 
lusively by spe- 
cies p.eculiar to 
j the tertiaiy de- 
posits at Monte 
Bolca. It is char 

"Fiir77 — raeterizedbythe 

tSeniwplioniA I'tlirtiuK , M><ii\K extronic lieiglit 

ov prulonyaliun of the anterioi juirl ot the dorsal fin, i>, and 
lor the correlated elougation of the .sluudeivpoiuted ventral 
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fins. The anal fin, a, is muuh shorter than the dorsal. Owing 
to tlic soluble nature of the scales* and to the well-ossified 
skeleton, the fossils of this, as of most other tertiaiy fishes, 
are exemplified by the vertebral column and skull more than 

by the skin. 

(hiins SMEKIHS. — Till' s]M'Clr> culUjMKsinjr this «ii'llUS illV 

of bmall size, and aii} cluelly met with in Uie tciliaiy ich- 




Fig. 7S. 

HmerdU minutut (Ciypsuiu uf Pruvence). 



thyolite beds of Monte Bolca; but some {cy., the Smerdis 
minufits, {\<f. 78) are from eocene deposits in France. In all 

the sj*t'cii's the first sulHuhital nr hicryinal hone is stiniigly 
(h'litate, as is ais<» tlie }>ie(ij»ei'cuhiiii ; l)ut tliis lia.s n<> s|iine 
at the angle. The operculum terminates beliiml by a rouuded 
prominence. There are two dorsals. The scales are minute, 
but are occasionally preserved. 

Sub-Order 2.— CYCLUlDEI. 

Tlii^ sulwynU'i' ineluiU s llie leU'Ostian fislu's witli umlividecl 
and unjuinleil spines at the lore part ol" the ilorsal, and wiih 
smooth Hexible circular or eilipticul scales (tig. 70). It is nut 
lepiesented by any species of older date than the cretaceous 
epoch; and lioth here and in the eocene tertiarics by ex- 
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tinct species, mostly of extinct genera. It is 
richly r«^]>re«ente<l at tlir pre- 
sent (lay by the iSi)]ivi 
^ Scombeioid, and Xiphioid 
1 families. 

There are two kinds of ex- 
.| isting sword-fisb, XijAia$ and 
^ Histiopfwrus ; in the foimer 
^ tlie swonl-like pitjlongation of ^.ai^gojascom- 
• 1- the conflucMit liiviniixilluries is ^roidldi. 
^5 flattened, in tlie latter it is rounded- 
Fossil ivinains of a rounded ra]>ier-like 
" swoid^" but much longer and more slender 
than in the existing Hidwpkonts, have been 
found in the eocene clay at Sheppey and 
BFockleshanL They are referred to an ex- 
's, tinct genus of the xiphioid fuuiily hy Aijassiz, 
called t'(ii(/ihi/aJiu<, or "lif>llo\\ In ak." Tlie 
most perfect specinKii liiiliriio found is 
figured in fig. 80, of half the uatui^l size. It 
forms part of the instructive collection of 
Captain Le Hon at Bmssels. The upper 
transverse section shevs the single cavi^ at 
the middle of the rostrum ; and the lower 
section shews the double or divideil cavity 
near its base. 

Order V.— ANAC^U>fTHmL 

Ckar, — ^Endo-skeleton ossified ; exo-skeleton 
in some as cycloid, in others as ctenoid 
^^Q^ scales; fins supported by flexible or 

jointed rays ; ventrals beneath the 
]>ectoraK or none ; swim-bladder with- 
out ail-duct. 
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FaM 1 1 A'. — G ADID^ 

Tlie tviK^faniilv ot tliis Older is that wliich includes the 
cod-fish, haddock, and other species of the linnsan Gadus. 
The Merlinvs eristatus and Rkinoctj^lus jianieeps of the 
London day, ate the oldest known forms of the family; the 
true cod-fish {Morrhua\ is not known to have existed before 
the present (humau) period. 

Family. — PLEURoNtt tidjj. 
{Flal'FUhe9.) 

In this fiimily the symmetrical form is lost, and both eyes 

nre on one side of the head. Species of still existiuf; «jonera 
of tliis nHuh-niodititil family liave liccn found in tertiary 
ih'lMisiUi. The little turbot {HJunnlms minimus, e,g., tig. 81) 




Fig. SI. 

Bkembm mimmut (Monte Boka). 



occurs in the tertiary' dcixisit^ of Monte r.<>Ka. An ( (jiially 
extinct sjucit s «if sole (JSolca untiiiuu) has been louud iu ter- 
tiary mails uear Ului. 

Obdkr VL— MALACOPTEliL 

ChaT4 — ^Endo-skeleton ossified ; exo-skeleton as cycloid scales ; 
fins supported by rays, all of whiclv save the first in 
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the doTsal and pectoral of some kinds, are soft or 
jointed; the malacopteraiis are abdominal or apodal* 
have free operculated gills, and the swim-^bladder has 

an aiiwlucl, 

Tlie carp, pike, heiting, salmon, eel, exemplify this order, 
* but the species of all these genera which have left their 
remains in tertiary strota^-and none of them are older — are 
distinct from the existing kinds. 

The Ganoids in these forinaticms are reduced to the genera 
Lcpulostcm and Acipcn>ici- ; 1m it may have been repi-esented 
l»y the pahites with cnishing teeth, from tiie Slieppey clay, Ui 
wlii<ih tlje names Pi'^lm* and PhylUxlus^ have been given. 

With respect to the fishes of the tertiary perioti, " they 
are so nearly related,*" says Agassis, to existing forms, that 
it is often difficult, considering the enormous number (above 
8000) of living species, and the imperfect state of preservation 
of the fossils, t<> di'tennine exactly their specific relations. 
In gi'jK ial T may say tlmt I lia\i' not yt!t found a single 
species vvhicli wa^ ju i tc( tly ideiilicid witli any maiiue exist- 
ing fish, except the littJe Ca[>eliu {}f(illotus villosm)^ which 
is found in the nodules of clay of unknown geological age in 
Greenland." These nodules are mostly vety recent, and ex- 
emplify the operation of the dissolving soft parts of the fish 
in consolidating the surrounding matrix. 

No dnss of uiiimals is more valuable in its ai>plication to 
tlie gi'cat point mooted by Uiiifonnitariaus and Pi"«>;4H'<siunists 
tliau that of fishes ; for their testimony is exempt fmm the 
objection on the scf)re of the defective nature of negative evi- 
dence, to which the Piogressionists' conclusions from the 
known genetic history of air-breathing animals may be open. 
It is true that many creatures living on land arc never carried 
out to sea; but marine deposit^) may be expected to yield 

• ,Sce (hven't* (Montoj^raphy, p. 138, pi. 47, fig. 3. 
t Ibi'l., p, 13y, pi. 47, ligs. 1 lind 2, 



Digitized by Google 



MAlAlOPTEKI, 



175 



adequate grounds for detennining the ^neral cluuacter and 
<;ra(lo of the verto1>TRt6 animals that swarmed in the eeaft 

j)ivcii>ilating such (K |K>sits. 

Wc rnrjTiot, from pivseut kiiowlcdjie, a.Hsi«iu lo any past 
period ol the earth's lii.stoiy a charactoristic derived from a 
fuller aiid more varied developmeut of the entire class of 
iitfhea than has since been manifested, nor predicate of the 
present state of the class that it has dei^eneiated in regard 
either to the number, bulk, j^owers, or range of modifications 
nf the piscine ty])e. A pptrospeet of the genetic history of 
lishes inij>ait< an idea rather ttl" mulatiuii than of pi\>gi*e.ssinn, 
to which tlie class \u\s l»een subject in the coui*se of geolo- 
gii al time. Certain gninps, now on the wane, have formerly 
existed in plenaiy development ; a8» €;^,^ the ganoid order in 
the raezozoic period, and the cestracioDt form of Plagiostomes 
in both palaeozoic and mezozoic times. 

As to the variety of the forms of fishes» seeing that tho 
eailh yields no indi>|'Ut;dde evhlence of Ctenoids or Cycloids 
anterior t.. ilie civta< < . ms i jmh h. yet still retains living n^iu-e- 
seiitalives <if both (Janoids and i'lacoids, tlie present niiglit 
ajtpear to be the culminating ]K>riod in the development of 
fishe>«, in rcsi>cct of the number of ordinal forms or modifica- 
tions of the class. It represents, however, rather the results 
of mutation, depending upon the progressive assumption of a 
more speciid type, and the t>coml)croid8 seem now to be at the 
head of the piscine nioditicati»>n of the veilehrate series. lUit 
as thf n ti iition of genend Vertr1irat4* ('hnnu'tei-s, in the earlier 
tornis ol Hshes, implies closer athnity with the air-breatliing 
coid-bloo<led class, so a higher ( haracter of organization may 
lie predicated of the paheozoic i'laooids and Ganoids than of 
the Ctenoids and Cychnds forming the great bulk of the class 
at the present day. The comparative anatomist dissecting a 
shark, a l\»lyptenis, or a Lcpidosteus, would point to the 
structures of the bmin, heait, genei-ativc organs, and in the last 
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two genera to the air bladder and duct^ as being of a move 
reptilian chanicter than the corresponding parts would present 
in most other fishes. But the palaeontologist would point to 
the persistent' notochord, and to the heterocercal tail in 

paljeozoic and many iiiezozoic fishes, as evidence of an " arrest 
of develo])nient," or of a retention of embrj'ouie eiiaracters in 
tliose primaeval lishes. 

One other conclusifin may be dmwn from a retrospect of 
the mutations in the forms of the fishes at different epochs of 
the earth's histoiy,— viz., that those species, such as the 
nutritious cod, the savouiy herring, the rich-flavoured salmon, 
and the succulent turbot, have greatly predominated at the 
l>eriod inuaediati'ly preceding and accompanying the advent 
of man ; and that thcv Iiavi' superseded species whicli, to 
judge by the giistly slmiks and bony Garpikes {Lejn'dostms), 
were much less fitted to afibrd mankind a sapid and whole- 
some food« 

ICHNOLOGY.* 

In entering upon the genetic histxirv of the chxsn of 
reptiles, we have to inquire, as in thai uf lis-hus, at what period 
of the earth's history the class was iutrmhiced, and under 
what forms ; at what ])eriod it attained its plenary develop- 
mcnt» in regard to the size, grade of structure, number and 
diversities of its representatives ; and the relations which 
the existing members of the class bear to its past condition. 
Fifteen years ago, the oldest known reptilian remains were 
those of the so-called "Thuiingian ^Mtniilur," from the Peiniian 
copper-slates of Germany. Since that time the hatrarhian 
Ajpcdemi, or Archegosaurus has been discovered in a Bavarian 
coal-field ; and footprints in carboniferous sandstones of 
North America have borne testimony to the fact, if not the 

* Gr., liAwm % footitep, logo$ % discoane. 
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commencement, of reptilian existence at that period of the 
earth's histoij : for, air-bi-eathing ambulatoty animals may 
leave other evidence of their former presence upon earth than 
their fossilized remains. 

There are several circumstances nnder which impressions 
made on a part of the earth's surfiace, soft enougli to admit 
them, liiay l)e preserved after the impressing body lias perished. 
AVlien a sht-ll sinks into sand or mutl, which in coui^e of time 
becomes hartlt iu d into stone, and when the shell is removed 
hj any solvent that may have filtered through the matriz* its 
place may become occupied by crystalline or other mineral 
matter and the evidence of the shell be thus preserved by a 
castf for which the cavity made by the shell has served as a 
mould. If the shell has sunk with its animal within it, the 
plastic matrix may enter the dwelling-chamber as far as tlie 
retia( ted soft ])aits will ptirmit ; and as tlu se slowly melt 
away, their pLi< c may become occupied by deposits of matter 
that had been held in solution by water percolating the 
matrix, and such, usually cr3r8talline» deposit may receive and 
retain some colour from the soft parts of which it thus 
becomes the substitute; 

Evidences of soft-bodied animals, such as Adinio! and 
Mcduscr^ and of the exci'emental droppin^js of hii^dier animals, 
have been thus preserveil. Fossd remains, as tin y are called, 
of soft plants, such as sea-weeds, reeds, calamites, and tlie like, 
are usually ciusts in matrix made naturally after the plant 
itself has wholly perished. 

Even where the impressing force or body has been removed 
directly or shortly after it has made the pressure, evidence of 
it may be preserved. A superficial film of clay, tenacious 
enough to resist the escape ui a bubble of gas, may retain, 
when petrified, the ( ircular trace left by the collapse of the 
burst vesicle. Tlie lightning flash records its course by the 
vitrified tube it may have constructed out of the sandy par- 

N 
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tides melted in its ssvif't passage thiough tlie earth. The 
hailstone, the i i])i»lc wave, tlie raiii-diop, even the wind that 
bore the drops along and drove them slanting on the sand, 
have been registered in casts of tlio cavities which they 
originally made on the soft searbeach ; and the evidence of 
these and other meteoric actions, as sun-bracks and ftoet- 
marks, so written on imperishable stone^ have come down to 
us firom times incalculably remote. Eveiy form of animal 
that, writhing, crawling, walking, mnning, hojiping, or leap- 
ing, could leave a track, depression, vv I'out-priut, behind it, 
niiglit thereby leave similar luiitiug evidence of its existence 
and also to some extent of its nature. 

The interpretation of such evidences of ancient life has 
much exeicised the sagacity of naturalists since Dr. Duncan, 
in 1828^ first inferred the existence of tortoises at the period 
of the deposition of certain sandstones in Dumfriesshire from 
tbe impressions left on those sandstones, and the casts afteiv 
wards formed in those impressions. The interpreting ikculty 
lias been still more racked by similar evidences of more extra- 
ordinary footprints (fig. 83), probably of lai^ batrachian 
reptiles, first noticed in 1834 at llildberghausen in Sarony,in 
sandstones of the same geological age as those in Scotland. 

The vast number and variety of such impressions, due 
either to physical or meteoric forces, to dead oiganic bodies, 
parts or products, or to the tiansitory actions of living beings^ 
have at length raised up a distinct branch of palaaontological 
research, to which the term •Tchnologj-** has been ^ven. 

In this class of evidences the impressions called protich- 
nites"* (fig. 82), left upon the "Potsdam sandstones"t tbe 
older Silurian age in Canada, are the most ancient j but the 

• Soc Owen, " Deftcription >>( tin- Tritprcssions nrtfl Footprints of the Prot- 
ichniteH from the Potsdam ^andiitunc of Caoada/' Quarterly Journal of the ^ 
aeolof^al Sacie^, ISfiS, p. 214. 

t Logtto, lUd. p. 9. 
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footprints of birds suipass all others in regard to their num- 
ber, distinctness, and variety of aorta. 

Bat how, it may be asked, aie sufih footprints preserved ? 
A common mode may be vitnessed daily on those shores 
where the tide rons high, and the 8ea4x>ttom is well-adapted 
to receive and retain the impressions made upon it at low- 
water. 

]")r. Gould ot Jk)ston, U.S., first called llie attention of natu- 
ralists to ihis ill ti'resting operation on the shores of tlie Bay of 
Fundy, where the tide is said to rise in some places seventy 
feet in height The particles deposited by that immense tidal 
wave ate derived fiom the destruction of previously existing 
rooloBt And consiBt of silidous (flinty) and micaceous (talcky) 
particles, cemented together by calcareous (limy) or argillaceous 
(clayey) paste, containing salts of soda, especially tlie laiuiaU* 
(common salt), and coloun-d with various shades of the oxide or 
rustof iron, of which the red oxide predominates. The perfection 
of the surface for receiving and retaining an impression depends 
much upon the micaceous element Vast are the numbers of 
wading and sea birds that course to and fro over the extensive 
tract of plastic red suifiu^ left dry hy the far retreat of the 
tide in the Bay of Fundy. ]>nring the period that elapses 
between one spring tide and the next, the highest j>art of the 
ti(hd deposit isexpo^f^d loii*^ enou;j;h to receive and retain many 
impressions ; even during the houi s of hot sunshine, to which, 
in the stunmer months, this so-trodden tract is left exposed, 
the layer last deposited becomes baked hard and dry, and 
before the returning tidal wave^ turbid with the same commi- 
nuted materials of a second stratum, has power to break up 
the preceding one, the impressions left on that stratum have 
received the deposit A ca5;t is thus taken of the mould pre- 
viously made, and the SiHlirucnt superimposed hy each suc- 
ceeding tide, tends more and more surely to fix it in its placa 
Then, let ages pass away, and the petrifying influences conso> 
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lidate the sand layers into a fissile rock : it will split iu the 
way it was formed, and the cleavage will expose the old moulds 
on one surfiace and the casts on the other. 

Another condition for fixing the impressions on a sandy 
shore is the following : — When an extensive level tract is 
left dry hj tlie retreating tide^ as at the estnaty of the small 
liveTs entering the 1 iay of Morecambe, on the Lancashire coast, 
those rivere occasionally ovei*flow the sands at low-water, 
and dejK>sit in the tuotjii iiits made previous to such overilow 
the line mud which sudtlen heaNy rains have brought down 
from the surrounding liills. Again, those sudden ** freshets," 
as they are locally called, sometimes as quickly subsidy and 
a thin layer of argillaceous mud is left on the sand. This 
layer readily receives the footprints of the many birds that 
course over the flat expanse, and may become hard enough to 
retain them when the tide returns and dej^osits in such foot- 
prints a layer of the fine sand which the rising waters hold 
in suspensioji. 

The best-defined footprints in the new red sandstone 
quarries at Stourton, on the Cheshire ooaat^ are found where 
strata of sandstone are separated by a thin layer of aigil- 
laoeous stone, which, when exposed, soon brealcs up and 
cmmbles away. This layer has, however, received the im- 
pressious when it was plastic, and tlie superincumbent deposit 
of sandstone retains those inipn ^sioim in n-Vu-i upon its under 
surface. The conditions producing an interposition of a thin 
layer of claystone between thicker beds of sandstone^ wliich 
the writer has witnessed in the Bay of Morecamb^ explain 
the formation and the preservation of the best " ichnites" of 
the lal •} rinthodont and other reptiles in the new red sandstone 
of Stourton. 

There is a tliird condition under which im^nc'ssions, and 
casts of ini|)ressious, on a sandy beach may be y)re5:ervcd. ( )n 
a dry windy day clouds of fine sand are drilted along the sur- 
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face exposed at low-water, are spread lightly over all Its little 

inequalities, and fill up every impression that ukiv lia\ e been 
made on it since it was left bare by the retrontinpr wave'^. On 
the retuni of the tide, the Hue sand iiiling the inipressiuns is 
moistened, and more wet fine sand is added to it ; and a cast 
is thus fixed in the moolds, to be moie and moro firmly fixed 
hj each deposition from successive tidal waves. 

Thus may be witnessed the actual ciicumstanoes daily 
occurring that tend to preserve footprints and other im- 
pressidiis iiiailr on the sea-.^lioiv, aii«l which have operateid 
in j>ast (iiiif to siinilarly ]>re.s('ni' tlic inipn's>iuns then 
made on tmcts alternately exposed and coveml by the tidal 
wave. Tlie meiit of having: first discerned the natti!" nnd 
cause of the numerous small hemispheric pits and tuber- 
cular casts in relief on the surface of certain sandstone slabs, 
IS due to John Cunningham, Esq. RG^ architect^ of liver- 
pooL* Since that light was thrown on their nature, they 
li.ive been recognized under varif^'ns inudifications, as iniprcs- 
biona of soft min, of the bi^^-dmpped thunder-shower, of rain 
driven obliquely by the «4ale, and making imjiressions with 
the side of the cup highest oi)positc the point whence the 
wind blew, of frozen rain or hail, etc. Dr. Dean, in 1845, 
after witnessing the first exposure and raising of the red 
sand slaba^ near Greenfield, liiDiss., U. S., writes* ** They were 
characters fresh as upon the morning when they were im- 
pressed ; 'nil thai morning gentle showers watered the caitli,'" 
etc. Whenever a stratum is proved to be a " sedimentary" 
one — i e. to be due to the precipitation of ita constituent 
particles from watfT, in which they had been previously sus- 
pended — ^we have evidence of some expanse of water^proof, 
in fact* of the existence of that element^ with all its prc^ierties 

• CommuDicated by Dr, 6ucklan«l to the meeting of the Britiph AsHociation 
nt Newcastle, 1S38 ; and Bubae<|uentl}r b; Mr. CanninghMn to th« Ueol. 8qo. 
(Froc. of the Uool. Soc. vol. Hi. 1839, p. 99). 
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of condensation by cold, and expansaon and vaporization by 
heat and axposnie. £\ ax>oration makcB the law material of 
rain. No wonder, then, that impressionB of rain-drops should 
be seen on the oldest sediment ar>' rocks. Conditions are co- 
ordinated in nietci»ric as in (n-gauic phenomena; one being 
given, the rest may be deduced. 

The oldest rocks in which rain-drop impressions have 
been observed are those of the Cambrian age at Longmynd, 
Wales.^ Many of the micaeious flags of the same formic 
tion are covered with ripple, or current marks. They shew 
borings of worms, and a trace of a trilobite (Palccopygc) 
nearly allied to the Dikeloccplmlm — the oKU st known trilo- 
bite of America ^wer Silurian or Cambrian at St. Croix, 
Minnesota). 

It is in Potsdam sandstones* of the same g^kgical anti- 
quity that the impressions have been discovered which the 
writer has inteipieted to be those of a laige entomostracons 
Crustacean ;t in evidence of which the following sample, appli- 
cable to a single species, may be given, in illustration of the 
ichnologisf s mode of work. 

Protichnites septem-notatvs {fig. 82). 

The subject so named consists of a aeries of well-defined 
impressions^ continued in legular succession along an extent 
of 4 feet ; and traceable with an inferior degree of definition 

along a further extent of upwards of 2 feet 

In the extent of 4 feet there are thirty successive groups 
of footprints on each side of a median furrow, which is alters 
nately deep and shallow along pretty regulai* spaces of about 
2i inches in extent. The number of prints is not the same 
in each group; where they are best marked, as in fig. 82, 1 
we see 3 prints in one groups a, a', a', 2 prints in the next, h, 

• Salter, Quar. Jour, of the Geol. Soc., vol. xii , 1866, p. 25U, pi. iv., fig. 4. 
t lb., vol. TiiL, p. SU, 1892. 
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h\ and 2 in the thinl, c, c\ which is followed by a repetition of 
the group of 3 prints, a, a\ a* making the numbers in the 
three successive groups, 3, 2, 2 ; the three groups of impres- 
sions being recognizably repeated in succession along the whole 
series of tracks on both sides of the median groove. 




Fig. 82. 

Protichnite* 1-noiatm (Cambrian). 



Tlie principal footprints are disposed in pairs, placed with 
different degrees of obliquity, in each of the three groups 
towards the median track ; the innermost print in the second, 
B, and third, C, pairs, which are best marked, being usually 
rather more than half tlie size of the outer print, h' and c. 

The two footprints of the same pair are a little further 
apart from each other, in the three succeeding pairs, as at a', 
a", 6, h\ r, c\ especially in the second and third groups of each 
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set ; the two ibnuing the pair a', a'', again approximating in 
the next series, and the paiis d» h' and Cy diverging in the 
same direction and degree ; find this alternate approximation 
and divergence is repeated throughout the entire series of the 

present tracks. 

But wliat strikes the ichuoloirist, beretolore conversant 
chiefly ^vitll tlic luulprints of biptiU ur quadrupe<ls, is \\ui 
occurrence in tlio present series of tlie third impression iiy 
which complicates the most approximated paii A, being pUu:ed 
in front and a little to the inner side of the hindmost impre»> 
8ion» a% of that pair. The superadded impression, a, is about 
the same size as the innermost in each pair, the average 
diameter of that impression being 5 lines. 

Taking this view of tlic impressions, it api>ear8 that whilst 
the innermost in each ]'air, a', h, <, are of ciiiuil size, the outer- 
most, a", h\ c\ 1 L, progri;ssi\ ely iiicirasc in si/c, IVum tljc most 
approximated to the most divergent of the three paii-s ; tliat 
of the first, a", being nari-ow iu proportion to its lencrt]i, that 
of the second, b', as broad as long, and the outermost, c, c\ of 
the third pair bemg oblong, but larger than that in the first 
pair. In some places where the most approximated pair of 
impressions, a', a', are deeply marked, they are complicated by 
a fourth shallow and very small pit, (/"', 2 L, midway between 
the thinl, a, and tlie outermost, of the pair of impressions. 

There air n«» clear or unequivnciil iaark» ul toes or nails on 
any of tlic impK -fsions which fonn the lateral pail's or triplets. 
Their moigins are not shari)ly defined, but are rounded off, and 
sink gimlually to the deepest part, whi( h 15; a little behind the 
middle of the depression. There is a slight variation in the 
form and depth of the answerable impressions, but not such 
as to prevent their correspondence being readily appreciable 
through the extent of the track here described ; that is to say, 
the innermost of each of the three i)airs here described as first-, 
A, second, li, and third, C, may be identified with the correj*- 
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ponding innemost impression on the opposite side, and with 
the same impression of the same pair in the three preceding 

aud tlie three succeeding pairs. 

Tlie iiiiprrssions selected for fig. 82 clearly demonstrate 
that the animal, progressing in an undulating course, made at 
each action of its locomotive membei-s, answeting to the single 
step of the biped and the double step of the quadruped, not 
fewer than» in Proti^niies 7'noUUu8, fourteen impressions, 
seven on the right and seven on the left; and in ProHehniies 
sixteen impressions, eight on the right and eight on 
the left ; these seven and eight impressions respectively l)eing 
arrangt'd in three groups — viz., in P/oliJinihs 7-)i'tfiffm, three, 
two, and two ; in Protuhnites S-^taius^ three, two, and tliree 
—the groups being re-impre'ssed, in successive series, so 
similarly aud so regularly as to admit of no doubt that they 
were made by repeated applications of the same impressing 
instruments, capable of being moved so &r in advance as to 
clear the previous impressions, and make a series of new ones 
at the same distance from them as the sets of impressions in 
the series aru iVuia i-adi utlicr. 

What then was the nature of these instruments ? To 
this three replies may be given, or h^-potheses suggested : — 
They were made either, firsts as in the case of quadru- 
pedal impressions, each by his own limb^ which would give 
seven and eight pairs of limbs to the two species respec- 
tively; or, secondly, certain pairs of the limbs were bifur- 
cate, as in some insects and crustaceans, another pair or pairs 
being trifurcat^; nl tlicir extremities: and cucli umhui) (if im- 
prt'ssion^i was made hy a single so subdivided limb, iu wliich 
ca£C we have evidence of a remarkably broad and short, and, 
as regards ambulatory legs, hexapod creature ; or, thirdly, three 
pairs of limbs were bifurcate, and the supplementaiy pits were 
made by small superadded limbs, as in some crustaceans; or, 
fourthly, a single broad fin-like member, divided at its impress- 
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ing border into seven or into eight obtuse pomts^ so amnged 
as to leave the definite pattern described, must have made the 
series of three groups by successive applications to the sand. 
The latter hypothesiB appeals to be the least probable, — 

first, as being most remote from aiiy known analogy; and, 
secondly, because there are occasional vaiieties in the groups 
of footprints which would luirdly acconl with impressions left 
by one detinitely subdivided instrument or member. Thus in 
the group of impressions marked 1 L in fig. 82, the outer 
impression, c\ is single, but in the preceding set it is divided; 
whilst the impressions, a, a', are confluent in that set^ and are 
separate in 1 L The same variety oocuis in the outer pair, 
c\ c'y in ProHehmtes S-noto^. 

Yet, with respect to the hypothesis that each impression 
was made by its own independent lunh, there is mucli (ini- 
culty in conceiving how se\ en or eight pairs of jointed iinibs 
could be aggi-egated in so short a space of the sides of one 
ftnimftl. So that the most probable conception is, that the 
creatures which have left these tracks and impressions on the 
most ancient of known sefr^ores belonged to a cmstaceous 
genus^ either with three pairs of limbs employed in locomotion, 
and severally divided to accord with the number of prints in 
each of the ttiree groups, or bifttrcated merely, the supplemen- 
tary and usually smaller impressions being made by a small 
and sim])le fourth, or fourth and fifth pair of extremities. 

The great entomostracous king-crab (Limulus) which has 
the small anterior pair of limbs near the middle line, and tho 
next four lateral pairs of limbs bifurcate at the free extremity, 
the last pair of lateiaL limbs with four lamelliform appendages, 
and a long and slender hard tail, comes nearest to the above 
idea of the kind of animal which has left the impressions on 
the Potsdam sandstone. 

The shape of the pits, so clearly shewn in the ice-mbbed 
slabs, impressed by FroluJmites ^iiotatuSy accords best with 
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thse baid, sobobtcis^ and sabangolar tenuinatiom of a crusta- 
ceouB ambuktoTy limb^ sach as nuiy be seen in the blunted 
lega of a lazge Palinwrm or Birgm; and it is evident that the 
animal of the Potsdam sandstone moved diiecily forwards after 

the manlier of the Macroura and Xiphosura^ and not sideways, 
like the braehyurous Crustaceans. 

Tiie appearances in the slab impressed by the Frvlichnites 
mUtirnoicUm favour the view of the median track having been 
formed by a caudal appendage^ rather than by a prominent 
part of the under sur&ee of the trunk. 

The imagination is baffled in the attempt to realize the 
extent of time past since the period when the creatures were 
in being that moved upon the sandy shores of that most 
ancient Sihirian sea; and we know that, with the exception 
of certain mieroscopic foi nl^s of life, all the actual species of 
animals came into being at a period geologically very recent 
in comparison with the Silurian epoch. 

The deviatbna from the living exemplars of animal types 
usually become greater aa we descend into the depths of time 
past; of this the Archegosaur and Ichthyosaur are instances 
in the reptilian class, and the Pterichthys and Coccoeteus in 
that of fishes. If the vertebrate tyi>c has undergone such 
inc43nceivable modification^, liurmg the Secondary and iJevo- 
nian periods, what may not have been the modifications of the 
articulate type during a period probably more remote from the 
secondary period than this is from the present time! In all 
probability no living form of animal bears such a resem- 
blance to that which the Potsdam footprints indicate as to 
afford an exact illustration of the shape and number of the 
instruments, and of the mode of locomotion, of the Silurian 
Protichniifs. 

Since the forgoing interpretation of the Silurian Ichnites 
of Korth America was published, similar impressions have 
been observed in rocks of the like high antiquity in Scotland, 
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as at Binks, Eskdale, which 
have received the name of 
ProH4ikn'Uei SeoUem,* 

Amphibiohnites. 

Genus Cheirotherium. 

— Fig. 83 [lives a reducod 
view of a pi )i lion <>t" lu'w 
red saudstoias witli tliiee 
pairs of footprints in relief: 
the fiist and third of the 
lefti the second of the iight» 
side. Consecutive impres- 
sions of such prints have 
been traced for many steps 
in succession in tlie trias of 
Warwickshire and Cheshire, 
more especially at a quarry 
of a whitish quartzose sand- 
stone at Storton Hill, a few 

o 

I miles from Liverpool The 
|< footmarks are shewn by the 
^ impressions* and also in 
relief; the former are seen 

upon the upper surface, 
those in relief upon the 
lower surface of the sand- 
stone slabs, when raised 
from their natural position ; 
the latter being oasts, formed 
on the subjacent foo^rints 
as in moulds. The impres- 

• HarknesH and Snltc-r " On the 
Lowest llocks of Eskdale," Qiuur- 
terij Jounal of the Geokgioa] 
Society, vol. xii., pp. 288^ 843, fig. 2. 
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sions of the liind foot are generally 8 inches in It ngtli, aiul 
5 inches in width ; near tacb lai-ge footstep, anil at a regular 
distance — about an inch and a half — before it, a smaller print 
of the foie foot, 4 inches long and 3 inches wids, occuis. The 
footsteps follow each other in pairs» each pair in the same 
line^ at intervals of about 14 inches from pair to pair. The 
large as well as the small steps shew the thnmVlike outer- 
most toe alternately on the right and left side, each step 
makin;^' a i>nut uf five toes. 

Footprints of t (•n< s]>oii(liii^ form, but of smaller size, have 
l)een discovered in the quarry at Stoxton tf i Ui impiinted on 
thin beds of clay, separated by layers of sandstone. From the 
lower sutface of the sandstone layers the solid casts of each 
impression project in high relief and afford models of the 
feet, toes, and claws of tiie animals which tiod on the clay. 

Similar footprints were first observed in Saxony, at the 
village of Hessbunjh, near IIilll;ur^liaus€ii, in several quarries 
of a isvry (juartzose sand^^tone, alternating' w itii beds of red 
sandstone, and of the same geological age as tlie sandstones of 
England that had boon trodden by the same strange animaL 
The German geologist who first described them (1834) pro- 
posed the name of Cheirotherium (cheir, the hand, therion, 
beast) for the unknown animal that had left the footprints, 
in consequence of the resemblance, both of the fore and hind 
feet, to the imjjression ol' a huuian liand : and Dr. Kaup 
conjectured that the auiiaal iiii<?ht be a laiLTc species i>t" the 
opossum kind; but in J) iti el phr/.s ihe thumb is on the inner 
side of the hind-foot. Tlie fossil skulls, jaws, tt»etli, and a few 
other bones which have been found in the sandstones exhibit- 
ing these footprints, and which alone correspond in size with 
them» belong to labyrinthodont reptiles. 

The impressions of the CkeiroOierium resemble those of 
the fof^t|>r!nt.s of a salamander, in having the short outer toe 
of tlie hind foot pityi'cting nearly at a right angle to the line 
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of the mid toe, but are not identical with those of any known 
Batrachiaii or other reptile. They she"^' a papillose integu- 
ment as in some mammals, but also like that on the sole of 
certain Geckos, and "which may be anotlier mark of sauroid 
departure from the modem batrachian type. The proximity 
of the right and left prints to the median line indicates ft nar- 
rower fonn of body, or its greater elevation upon limbs longer 
and more vertical than in tailless Batrachia^ and in stiength 
and proportions more like those of mammals. In tlie attempt 
to solve the difficult problem of the nature of the anhnal which 
has impressed tlie new red sandstone with the chcirotherian 
footprints, w e cannot overlook the fact, that we have in the 
Lahi/nnifiodons also batrachoid reptiles, diflmng as remarkably 
from all known Batrachia, and from all other reptiles, in the 
structure of their teeth ; both the footsteps and the fossils are^ 
moreover, peculiar to the new red sandstone ; the different 
size of the footprints referred to different species of Cfttftro- 
theria correspond with the different size of ascertained species 
of Labyrinthodon ; and the present facts best snppoit the 
hypothesis, that tlie lV»ot])rints called " cheirotherian," are 
tliose of labjrrintliotloiit reptiles. 

Gcnii^ Otozoum. — Tlie footprints in the red sandstones, 
probably of liassic age, in Connecticut, described by Prof. 
Hitchcock under the above name, equalled in size &e largest 
of those of the Ch^wtheirium {fik, ffercuUs), but the hind 
foot had but four toes, whilst the fore foot had five toes. It 
would seem that the hind foot, which was larger than the fore 
foot, obliterated the print of that foot, by being placed upon 
it in walking. In tlie few instances of the fure foot prmt the 
toes are turned outward, and the fouith and fifth seem to 
have been connate at tlieir base. An impression of a web 
has been clearly discerned in the hind foot. Only one toe on 
this foot shews a claw, the rest are terminated by *' pellets," 
as in the Bairachia, to which fSEunOy Dr. Hitchcock refers 
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these footprints, though with a surmise of the possibility of 
their marsupial nature.* 

Qennu Batrachofdb {Baimekopm j t nim g w M, King.) — In 
1844, Dr. King of Greensbni^ F^nnsylvania, discoTered fossil 
footmarks^ wliicli lie annonnced as being those of a reptile, 
in the sandstone of the coal measarefl|» near that town. No 
reptilian footprints had previously been found lower in the 
series than tlie Xew Red san(Mnne. Pr. Kin? states the 
impressions to l>c near SOO teet beneath the to^mubt stratum 
of the coal foniirttion.* 

Sir C. Lyell, in Silliman's J<mmal, July 1846, describes 
his visit to Greensbuig, where he examined these footmarlcs, 
and confirmed Br. King's description of them. He considered 
them to be allied to the labyrinthodont footprints which have 
been referred to the genus Cheirothtrium. He says — "They 
consist as lirfore stated, of tlie tracks ot a large reptilian 
quadmiM/il, in a sandst<.)ne in tlie middle of tlie carboniferous 
aeries, a tai t full uf novelty and interest; for here in Teunsyl- 
vania, for the first time, we meet with evidence of the exist- 
ence of air-breathing quadrupeds capable of roaming in those 
forests where the SigiUaria, Lepidodendron, Caulopteris, Cala- 
mites, ferns, and other plants flourished.' 

These footmarks were first observed standing out in relief 
from the lower surface of slabs of sandstone resting on thin 
layers of fine unctuous clay, wliieli also exhibited the cracks 
due to shrinking and drj'ing. Now these cracks, where they 
traversed the foot-prints, had produced distortion in them, for 
the mud must have been soft when the animal walked over it 
and left the impressions ; whereas, when it afterwards dried up 
and i^hTimV^ it would be too hard to receive such indentations, 
and could only affect them in the ^^ ay of subsequent dislocation. 

No less than twenty-three footsteps, the greater part so 
arranged as to imply that they were made successively by the 
• lohnokcj of BfaanchoMtta, 4tu. 1850, p. 128. 
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same animal, were obseiTed in the same qnan y. Even-where 
tht re wa.s a double row ol" triu ks, and in each row they oecnr 
ill jjairs, each pair consisting of a hind and fore foot, and cacli 
being at nearly equal distances £rom the next pair. Tlie hind 
foot-print is about one-tbird lai^r than the fore foot-print : 
it hafi five toes, but tbe front one only four ; some of them 
exhibit a stunted rudiment of the innermost toe or ^pollex," 
which is the undeveloiied one. The outermost toe in the 
hind foot-print is shorter and rather thicker than the rest, and 
stands (uit, as it does in fig. 83, like a thumb ou the wrong 
aide of the hand. 

With this general resemblance to the footprints of LtU^ 
rtTUhacUm, from the new red sandstones of Europe^ there are 
well-marked distinctions. In the first place, the right and left 
series of impressions are wider apart^ indicative of a bn)ader- 
bodied animal The front print in Bairac/ivj't's has only four 
well-developed toes instead of five, m in Lahtjrinthodon ; it 
is also ]•!(»] II irtionably Inrtrer. — the fore fi>ot in Lnhifri nihinhm 
being l«'s.s tha!i half tlic size of tlic liind foot. The distance 
between the fore (uid hind prijit of each pair, and of one such 
pair from the rtext on the same side, is nearly the same in 
Batraekapua and Lahyrinihodon, 

Genus Saubopus, Rogers. — ^Veiy similar foot-prints were 
discovered and described by Mr. Isaac Lea in a formation of 
red shales, at the base of the coal measures at Pottsville, 78 
miles N.R of Philadelphitu Tliese ai"e of older date lliaii the 
preceding, iuasumch a thiekin'sa of 17(K) feet of strata 
ijiten'enes between the foot-priuts at Greensfield and the 
Pottsville impressions. 

Professor H. D. B/ogevA, in 1851, announced his discovery 
in the same red shales, between the Devonian and Carboni- 
ferous series, of three species of four-footed animals, which he 
deems to have been rather saurian than batrachian, seeing 
that each foot was five-toed ; one species, the largest of the 
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three, presented a diameter for each foot-print of about two 

inchea, and shewed tlie fore and hind feot to be nearly equal 
ill <liiaciisions. It exliibits a length of stride of aliout nin(* 
inches and a breadth between the right and left foot4>teps of 
nearly four inches. The impressions of the hind feet are but 
little in the rear of the foie feet, With these foot-marks were 
aBflociated ahrinkage cracks, such as are caused by the sun's 
heat upon mud, and rain-drop pittings, with the signs of the 
trickling of water on a wet bcacli, — all confirming the con- 
clusions derived from tlie foot-print.s, that the quachupecU 
belong to air-l)reatliers, and not to a class of auiinals living in 
and breathing water. 

Class II. ^ K£P T 1 LI A. 
Order I. — Ganocbphala* 

The name of this order has t*eference to the seiilptured 
and externally polished or ganoid" bony plates with 
which the entire head waa defended. These plates 
include the " postorbital" and supei^temporal* ones, 
which loof over the temporal foaste. There are no 
occipital condyles. The teeth have converging inflected 
fokls of cement at tlu ir basal half. The nf»tochoid is 
IKjrsistent ; the vertebral arches and periplu ral elements 
are oasified ; the pleurapophyses are short and straight. 
There are pectoral and pelvic limbs, which are natatoxy 
and very small; laige median and lateral ** throat^ 
plates;" scales small, narrow, sub-ganoid; traces of 
branchial arches. 

The extinct animals which manitest the above combina- 
tion of characters were first indicated by certain fossils, 
discovered in the sph«erosideritic day-slate forming the 
upper member of the Bavarian coal measures ; and alao 

* rc,««, lustre \ si^A.*, head. 
0 
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in splitting spheroidal con- 
cretions from the coal-field 
of Saaisbrnck, near Treves. 
They were originally re- 
ferred to the class of fisln s 
{Pygopfcrus Lvcius, Agas- 
siz) : but a specimen from 
the Braudscbiefer of Miin- 
stei^Appel presented char- 
actere which were recog- 
nized by Br. Geigens to be 
those of a salamandroid rep- 
tile * Subsequently discov- 
ered specimens have been 
described and fijnired bv 
Cioldfuss,t A'. Meyer^ and 
niy8elf.§ The name Arth^ 

• Maiaz, OktoW 1849. "In 

dem ISrHtKlschiofcr Ton JUlbuter- 
appel in Bhein Baiern hale ich I'n 
vorigen Jahrc eiiien Salamander 
aufgefunden. Gehiirt difscr Schic- 
fer der KoUen-fonnation ? in 
(lieKcm falle ware der Fund aacb in 
andertn Hinsicht inttT<'s-<aut. fLf»- 
onhard und Bronn, 2\tucs Jahrbuch 
Jw Mimeralogie, etc., 1844, p. 49.) 

f •Archcgosaurus, Fossile-Saorier 
ans deni Stein kolili-ngebirge die 
den Uebergang der Icbihjoden zn 
den Laeerten mid Krokodilen bil- 
den," p. 3. (Beitrage Kur vmBdt- 
lichen Fauna de$ SteinhMenge- 

birf/ts, 4to, 1847.) 

\ Keptiiicn aus der bteinkobien 
Formation in Dwitclilcnd, Seclister 
Ba n (1 , Paljeon t ograpb ica , 1 8 , p . G 1 . 

g Quarterly Journal of the Geo- 
logical Society, vol. iv., 1848. 
Catalogue of Foaail Reptiles, Mas. 
Coll. Ghir., 4to, 1854» p. 117. 
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gomurus or primeval lisatd, was proptwed by CkildfttSB to ex- 
press his concliuion as to tlie saurian nature of this very old 
f'Tiii of reptile. I was led, by a study of nearly llie same 
ruaterials, t<> the animal as having Ix-cn more nearly 

allied to the perennibranchiate batrachia ; and additional 
evidence, while confirming the conclusion of the position 
of Archegoaimnu between fisbes and reptiles* has shewn that 
it links on with those older ganoid fonns of the giU-breathing 
class, rather than with the more modem soft«caled teleosteal 
fisbes with which the ProUm and Sirm are closely allied. 
1 have not been able to discern a distinct vertebral bodv at 
any part of the space between the osfilit d neural or haemal 
arches : in some specimens the notochord has plainly been 
persistent in the trunk. 

Coincident with this non-ossified state of the basis of the 
vertebral bodies of the tronk (fig. 84, c), is the absence of the 
ossified occipital condyles which characterize the skoll in 
better developed Batmchieu The fore part of the notochord 
has extended into the basi-sphenoid region, and its capsuh^ 
has eonnocted it by ligament to the broad flat ossifications 
of exi>aiisiuns of the same capsule, forming the buoinxtipital 
or basi-sphenoid plate. In fig. 8*1! arc reprcsented the chief 
modifications of the vertebne, as shewn in the neck, thorax, 
abdomen, sacrum, and taiL The vertebne of the trunk in the 
fully-developed full-sized animal present the following stage 
of ossification : — 

The neura^wphyses (fiij. G5, n) coalesce at top to form 
the areli, from which wa^ dcvcluped a cuiui>iessed, sub-tjuad- 
rate, modurately high sjiine, with the tnincate or slightly 
convex summit expanded in the fore-and-aft direction so 
as to touch the contiguous spines in the back ; the spines 
are distinct in the tail. The sides of the bsse of the nemal 
arch are thickened and extended outwards into diapophyses, 
having a convex articular surface for the attachment of the 
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rib» pi ; the fbie-pait is Bliglitly produced at each angle into 
a zygapophysis looking upwards and a little forwards ; the 

hinder part ^vus much produced backwards, sup])oiliiig two- 
thinls of the neural spine, and ea( li angle develo[)e(l into a 
zygapophysis, with a surface of opposite aspects to tlie anterior 
one. In the capsule of the notochord three bony plates were 
developed, one on the yentral surface, and one on each side^ 
at or near the hack part of the diapophysia* These bony- 
plates may he termed cortical parts of the centrum, in the 
same sense in which that term is applied to the element which 
is called "body of the atlas" in man and Mammalia, and 
"sub-vertebral wedge-bone" at the lure-] tart of the neck in 
Eualiusauria. But as sucli iieund or inferior cortical elements 
co-exist with seemingly complete centrums iu the Ichthyo- 
saurus, affording ground for deeming them oBscntially distinct 
from a true centrum, the tenn ** hypopophysis" has been pro- 
posed for such independent inferior ossifications in and from 
the notochordal capsule ; and by that term may be signified 
the sub-notochordal plates in Areheffomurus^ which co-exist 
with proper hainapophyses (A) iu the tail la the trunk they 
are flat, subquadrate, oltlong bodies, with tlie angles? rounded 
off; in till' tail they bend upwards by the extension of the 
ossification from the under to the side parts of the notochordal 
capsule; sometimes touching the lateral cortical plates. These 
serve to strengthen the notochoid and support the interveite- 
bial nerve in its outward passage. The ribs (pO are shorty 
almost stra%ht^ expanded and flattened at the ends, round 
and slender at the middle. They are developed throughout 
ilu: trunk and along part of the tail, co-existing there with the 
ha rnal arclie.^, as in the Menopome.* The hn'mal arches (Ji) 
wliich are at first open at their base, become closed by exten- 
sion of ossification inwards from each produced angles con- 

• "PrindiMl Forma of tti« Skeleton," Orr*s Circle of the Seiencef, p. 187, 

fig. n. 
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verting the notch into a foramen. This forms a wide oval, 
the apex being protluced into a long spine ; but towards the 
end of the tail the spine becomes shoitened, and the luemal 
arch reduced to a mere flattened ring. 

The size of the canal for the protection of the caudal blood- 
vessels indicates the jKJwerful muscular actions of that part, 
as the producod spines fiuiu both neural and lutiual arches 
bespeak the piuvisiun made for muscular attachments, and 
the vertical development of the caudal swimming organ. 

The skuU of the Archcjosaurm appears to have retained 
much of its primary cartilage internally, and ossification to 
have been chiefly active at the sur&ce ; where, as in the com- 
bined dermo-neural ossifications of the skull in the sturgeons 
and salamandroid fishes— ^^r^ Pohjpi^nsy Amia, Lejndtatem — 
these ossifications have started from centres more numerous 
than those t>t tlic true veilebi^l system in the skull of saurian 
reptiles. This gives the character of the present extinct order 
of cold-blooded, air-breathing annuals. 

The skull is much flattened or depressed, triangular, with 
rounded angles, and the front one more or leas produced 
according to the species ; and in some species according to 
the age of the individual. The superoccipital (fig. C5, 4), is 
represented ;ls in the salamandroid fishes, by a pair of Hat 
bones : the pair external to tliese, and rniminfj the pr«>niinent 
angles of the occipital region, i< j. resent the " par-occipitals." 
The lower peripheral surface of the basi-spheuoidal cartilage 
is ossified with a concave border towards the notochord behind, 
to the capsule of which it seems to have been attached. The 
alisphenoids were doubtless cartilaginous, and the protocra- 
nium there unaltered, as it was apparently in the ex-occipital 
region. The peripheral ^ossifications above representing tlie 
"parietal" (7^. form a pair of ol)l(»n[^ Hat l)ones, with the 
" foramen parietale" in the mid- suture. External to these, and 
wedged between the parietals^ the super- and par-occipitals. 
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are tlie pair of bones answering to the "mastoids" (8). They 
give atUclimcnt externally and liclow to the tympanic (28), 
and to a subsidiary bony plat€ (supra-.squiuiiosal, s) holding 
the position of that development of the maBioid and squa- 
mosal, which 100& over the temporal foesa in the Chehma, 
The frontal bones (»), divided by a mid-sntnier like the pane- 
tals, increase in length, and are continued far in advance of 
the orbite. The bone which occupies the position of the post- 
frontal in Chduaia ubsiticd from two centres, one (12) aiiicu- 
lating witli the mastoid (8), the otlier, jjost-orbital, o, with the 
HUpra-squainosal. The post-frontal extends furwiird above the 
orbit to meet the pre-frontal, separating the frontal (n) from 
the orbit^ as in the stui^geon {Aeipeiuer)^ Pol^ptena, and X<p»- 
do8Uu6, and also in some Ckehne& The pre-ftoutal extends 
for forward, terminating in a point between the nasal (15) and 
laciymal. The nasals (15), divided by the median suture, 
extend to the extenial nostrils, their |)i"olongation Yar)"ing 
witli the species and n\io of the individual. 

Thus far the os-sihcation of the supeilicies of the skull of 
Arc/icgosftu7'}'4 closely conforms to that of the salamandroid 
ganoid fishes above cited ; and the homologous bones are 
determinable without doubt The laciymal bone obviously 
answers to the front laige suborbital scale-bone in fishes ; its 
Targe size and forward extension in Ar^£go8aunt$ is a mark 
of that affinity. 

The u]»jM r juw consists of prc-maxillarv («), maxillary 
(11), and palatine bones. The pi-e-maxillaries are divided by 
a median suture, as in Lepidostcus and Crocodilus, and are 
short bones, the breadth exceeding the length in A, laiirosiris, 
and also in the young of A, Deekeni; but in the old animal 
opposite proportions prevaiL The maxillary (31) extends from 
the pre-maxillaiy to beneath and beyond the orbit The 
palatine is a long naiTow bnne, lathor expanded at both ex- 
tivmities ; it forms antericuJy the liiuder biuxlcr of tlie choanal 
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apeituie, and raesially thiouglioat a great part of its extent 

the outer boundary of the great palatal vacuity. It .snpjK»rts 
a row of teeth, ol which one or two at the fore part are of 
large size. 

Between the orV>it and the maxillary extendB the bone (u) 
which agrees with the malar of the crocodile^ and with the 
suborbital bones of fishes. 

The bone answers to the squamosal in the crooodDe^ 
but is chiefly a dermal ossification. It indicates, with the 
supra-squamosal, the tendency to excessive (kiiual osfification 
of the sknlLaud the postoiMtal" coii-espoud-s in ])ositi(tii with 
the posterior suborbital scale-bunus in Atnia and Lepidosteus. 

The hinder angles of the skull are formed by the tympanic ; 
in young individuals the t3rmpanic does not extend backward 
beyond the par-occipital, but as age advances it projects 
further backward. It appears to abut internally against the 
pteiygoid. 

The two rami of the mandible were loosely united at a 
short symiili} -is. Tlir aiiL^ular ek*ment (30) ]>refent8 a con- 
vexity answering to the \Hmit of ossiticniiou whence some faint 
ridges radiate upon its outer surface. The dentaiy (jz), if it 
docs not form the articular sutiace, begins veiy near it| and 
each ramus appears to be composed of these two bones. 

From fishes the lower jaw of Ar(^£gosaurus differs in the 
great length or forward extension of the angular piece (30) ; 
but it rescnddes the piscine type in the simplicity of its 
couipor^itioiL The ani^ulur piece is, however, longer in the 
Ganoids — e.g.y AmUiy PvlypUruSy LepidmUus^ — than in otiier 
fishes ; in LcpicUmrm its proportions are almost those of the 
Arekegotaurut ; and it ofiers similar proportions in the man- 
dible of the Axoha and PnOaa (fig. 84). 

The teeth in Arehegosaurm have the simple conical pointed 
shape. They are implanted in the premaxiUaty, maxiUary, 
maudibului, and vomeiine bone, aiid in a single row in eaclu 
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In the short preiuajullaries there are from 8 (A, Ikekeni) to 
12 {A. iatirodris) ; they are rather kiger than the maxillary 
teeth. These follow iu an unbroken series to heneath and 

beyoml the orbit, ami are about 30 io number; but their in- 
terspaces are such as would lodge duuble that iiuiuber in the 
same extent of alveolar Iwnler. The vomerine teeth are in a 
single row, [»arallel with and near to the maxillary row ; one 
or two behind the choane are much lai^ger than the rest^ which 
i^esemble the maxillary teeth in size. The mandibular teeth 
extend backward to the coronoid rising, and decrease in size^ 
the front ones being the largest Each tooth is implanted by 
a simi)lc base in a shallow cup-shaped socket, with a slightly 
rai.s» <l border, to which the cirLurntbrence of the tooth becomes 
anclivlosed. The tootii is lonscncd liy absorption and shed to 
rnako way for a sticcessor. These are developed on the iinier, 
hind, and fore \mt of the base of tlie old tooth. Alternate 
teeth are usually shed together. They consist of osteodentinev 
dentine, and cement The first substance occupies the centre ; 
4he last covers the superficies of the tooth, but is introduced 
into its substance by many concentric folds extending along 
the btosal half. These folds are indicated by fine longitudinal, 
strai^'lit striie along that half of tlie crown. The section of 
tlic tooth at that part (see lig. 8-t, looth-.^ootion) ^ives tlie same 
structure which is shewn by a like section of a tooth of the 
L^idosteus oxyums* 

The same principle of dental structure is exemplified in 
the teeth of most of the ganoid fishes of the carboniferous and 
Devonian systems, and is carried out to a great and beautiM 
degree of complication in the "old red" Dendrodonts. 

The repetition of tliis structure in the teetli of one of the 
earliest genem f>f Air-breathei's, assoi iated with the defect of 
ossiticatioii of the endo-skeloton and the excess of ossifica- 
tion in the exo-skeleton of the head and nape, instructively 

* \Vvm*n, AmericAd JottnuJ of the N*(ui«l BcMncct, Qcl. 184S. 
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illuHtrates the true nature luid low positiou in the leptiliau 
ciai>s of the so-called A rchegosauri, 

liesting upon and protected by the tliroat-plate in the 
middle line, there ie a loDgish slender bone, either basi- or 
uro-hj&l; most probably homologous with the uio-hyal of 
Aw^iuma and other Perennibranchiates. That two pairs 
of slender bones projected outward and backward firom the 
median series, is shewn by more tli.iii one specinu n of Arche- 
ffomurus in the ]>ritish Miisriiia. The untciior pair i& the 
longest ; these are situated as if they had been attached, one 
to each side of the broad throat-plate," which may have 
represented a basi-hyaL The anterior pair are homologous 
with the corresponding longer pair of appendages to the broad 
basi-hyal of AmpkiumOj and are cerato-hyals. The shorter 
posterior pair answer to the branchi-Iiyals* in Ampkiuma and 
other Perenniluanchs. There is no ttuch pair in the hyoidean 
arch of any known Saurian. 

External to the ends of the above lateral elements of the 
hyoid apparatn??, are slightly curved series of dots or points. 
In the small relative size of these indications of branchial 
arches, the Arekigosaurw agtees with the Amphiuma, 

"So doubt» in the folly-grown Archeffomurus, the lungs 
would be equal to tlie performance of the required amount of 
respiration ; but the u tention of such traces of the embr}'onal 
water-brt atliing cjv.stein in tlic adidt leads to the inference 
that the animal must have affected a watery medium of exist- 
ence for as great a proportion of its time as is observed to be 
the case in the existing perennibranchiate reptiles ; in which, 
notwitlistanding the degree of development of the lungs, the re- 
spiratoiy function seems to be mainly performed by the giUa. 

The additional marks of affinity to fishes which the Areh^" 

* For llif tueauiug of the nanien of boii«H, bCc the writer's works " Ou t1j« 
Arcbct>|H> uf the VettsbnU Skeleluu," tivo, ItHb; " Leclurcii on Auat. uf 
Fi>lM»«.'* 8vo, 164$ ; ud " PrindpU Fonns of tlw Skeletoo ud Teeth/' 12ino, 
1864. 
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goMvrtts presents in its persistent notochord, cartilaginous 
ba.si-occij)it.aI, dciuuil (i^j^iticatiuiis ou the head, and luiiiuUi 
body-scales (fig. Si-, scales), remove it furthci injiii the; saurian 
reptiles, and exhibit it more strongly in tlie li^'ht of a tiansi- 
tional form between the Batrachians and tlie Ganoids. 

The under surface of the body between the head and trunk 
is defended by broad bony plates, three in number. One is 
median and symmetrical, of an elongate lozenge shape, with 
the angles rounded of; the outer surface is sculptured by 
radiatincr fnir<Avs, except at so much of the marginal part as 
is» uv( rl;i]'i"'il by the lateral pieces by the scajmlar arch. 
The lateral throat plates are attached to the anterior half of 
the sides of the nn dian one, are shaped like beetles' elytra, and 
convei^ forwards. Their centra of ossification is towards 
their outer and back part, feom which the external ridges and 
grooves radiate towards the inner border. 

Von Meyer* compares these dermal shields to the ento- 
iiuJ epi-sternal i-lniirnts of the pla^tntn of ('lielonia ; ilieir 
truer hoinolooy set lu.s to the writer to be with the median and 
lateral iaige throat-plates or scales of Mtfjalichthys and Sudia 
giga». The ento-stcmal element is the only endo-skeletal piece 
uncombined with a dermal ossification in most Chelonia ; in 
which order the epi-stemal, like the hyo-and hypo-stemals, ap- 
pear to be abdominal ribs, with superadded dermal ossifications. 

The scapulae (fig. 84-, 51) are short and straight, with the 
upper free end inclined foi-ward toward the occiput The 
coracoids (52) are n^presjeuted by a pair of flat rcniforni plates, 
with the convex boixler turned frmvanl, the concave one back- 
ward, as in Am2Muma,i)i&f fonn the chief part nf the articu- 
lar cavity for the humerus. It is most probable also^ that as 
in Ampkmnuit a portion of the broad coracoid remained in the 
cartilaginous state, and that the renifoim plate answers to 

* ■ T)ir Lllini-it plat ton lconnt(^ mnn Jer nnpaariir^'n Platte und dem erslen 
riultcD paar im BaucU|>aazer der iSchildkruter v«rgleicbco." (C^. ol., p. 100.) 
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the ossified part of that ooiacoid which it resemblee in shape 
and relative position. 

The perennitmuichiate affinities otAr^egoBaurus aie shewn 
as clearly by the scapular as by the hyoidean arch. The fore- 
limb does not exceed half the length of the head. The hnments 
(53) is a short thick bone, slightly constricted at the middle, 
expuudcul and rounded at UuLh uuds, the proximal one being the 
lai*gest. For some time the bone is hollow and open at each 
end ; when ossification finally closes the terminal apertures, 
it shews that the ends were connected to the coiacoid and to 
the fore-arm by interposed ligamentous niatter>— not» as In tme 
Saurians, by a synovial joint Of the two bones of the fore- 
arm the nlna U a little longer and larger than the radins ($4). 
Both bones pix'sent the simplest primitive form, gently con- 
stricted ill tilt' middle, with the proximal ends a little concave, 
the distal ones a little convex. The space between the aiiti- 
bi-achium and the metacarpus plainly bespeaks the mass of 
caitiiage representing, as in Amj^iuma, the carpal s^ment 
(56) in Ar^uffosaurus, No trace of a carpal bone is fonnd 
save in the largest and oldest examples, in which five or six 
small roundish ossicles are aggregated near the ulnar side of 
tlie Lilt pus. Four <Ii;;i(s are present ; and considering the 
l»ollex to be, as usuul, wanting, the second digit answei iiig io 
the jnediub ut" pentadactyle feet, is the lurgeat, and includes at 
least four phalanges (5S); these, with the metacarpals (57), are 
long, slender, terminally expanded, and truncate. They obvi- 
ously supported a longish, narrow, pointed paddla The outer* 
most or little finger was the shortest, and has the shortest 
metacarpal and first phalanx. Thus, in Ar^effoaaunu, not 
only is the small size of the fore limbs, but also their tyixi of 
btructun*, clnst ly in accordance with that in the Percnni- 
hranchiaiaj as shewn in the triduttyle loi-e-liiub of the Frokus 
anffuinuA of which a figure in added to that of the Arche^fo- 
mums, in tig. Od. 
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The ilium (6i), like the scapula, is expanded at its articular 
or fr'inoral end. Two shorter bniics on each side coiiipletc the 
pelvis below. The broader one is the pubis (64). The femur 
(65), is slightly expanded, aiul truncate at l)oth ends ; it is not 
longer than the ilium. The tibia (66) and fibula are separate 
bones^ rather more than half the length of the femur. The 
fooi-bones are sepaiated by a fibro-cartilaginous tarsal mass (6s) 
from those of the leg. The form of the phalanges, expanded 
and ti*uncate at both ends, bespeaks their simple ligamentous 
joints, anil that they sujiiiorted, like the fore-limb, a tin or 
limb adapted sim])ly for swimmiiiL'. 

The ai-gument for the saurian aftinities of Archegosaurus^ 
based by V. Meyer on the 5;hnrt foie-limbs of Mystriomwrtu, 
already invalidated by the difference of structure^ is contro- 
verted by the fact, that the hind limbs of Ardtsgosaurtt^, like 
those of the Perennibianchs, are not only as simple in struc- 
ture, but also as shorty as the fore limbs. This laborious 
observer and accomplished artist has most contributed to 
our knowledge of the fo<sih'/alilo parts of Aixlie^ju^-aui us ; 
but the true nature and deep significance of his subject 
seem to have escaped him. It is not with any knovm reptile, 
least of all with the crocodile, that it shews such conformity 
of structure as fully elucidates its affinities. More and 
truer insight is to be gained by comparison of the Arekego- 
sawrus with the vertebrates of the Devonian and carbonifer- 
ous periods. The imperfectly ossified or notochordal state of 
the vertebral column, is that of all the tishes of its own ai l 
aiitrcrdcnt times. The staU; of the exoskeletoii, as rhttmlK}- 
ganoid scales on llie trunk, and broad suLu rally -united, 
grooved, and polished plates on the head, are characters found 
in no air-breather of the present day. Associated as they ate 
with labyrinthic teeth, and with limbs, in the embiyonally- 
batrachian condition of those of a proteus^ they seem to offer, 
to one who attends the facts upon which a science of the 
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origin of Bpecies may be based, the moat exempiaiy instance 
of a transitional fonn, on the derivative hypothesis of an air- 
breather Izom a water-breather. Whether the conditions of 
such derivation be external and impressive, or internal and 

genetic, and tlie doj^iTc in wiiicli tliose conditions may com- 
hinc, if Imtli concur in tlie woik, in a problem nccdinpf mncli 
future observation, and the acquisition of a large amount of 
£u;tfl yet unknown. Those which have been acquired since 
lamarck's speculations on the degrees in which outwanl 
influences might impress change in stmcture^ have contri- 
bated to their banishment But a refutation of guesses at 
the mode in which one form, or grade of animal structure 
may be changed into another, leaves , the possibility of deri- 
vation of one form from anoilicr o^xin to tlic mind of every 
unbiassed explorer of the laws of animated uatuiv ; and no 
iact^ old or new, ought to be dismissed until its relations to 
the great question have been completely and impartially con- 
sidered, with all the power of thought which the naturalist 
can bring to bear upon it 

Grnuf Banicepb. — In about the centre of the great car- 
boniferous basin of Ohio, United States, at the mouth of the 
* yellow creek," is a seam of coal 8 feet in tliickness, tlie low er 
four in( lies of which in " cannel coaL" In this has been found 
the skull, part of the vertebi*al column, scapular arch, and fore 
limbs of a reptile^ referred by Professor Wyman* to the batra- 
chian sub-class, under the name of Raniceps. Two closely- 
allied fossils, also referred to Bairtulhiaf have been found in 
the same formation and locality. 

0mm Dendrerpetok. — This is founded on some small 
bones discovered in thehfillow of tin- tnink of one of the trees 
{Sii/illamr, 2 feet in diameter;, wholly cuun erted into coal, the 
stumps of which stand erect in a coal-field of Nova Sf r.tin. 
The genus is batrachiao, with close afi^ties, from the plicated 

• AnefleaB Joanal ttf 8ei«iie« ud Aita, Mnvli 1857. 
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stnictnre of the teeth, the acalptaruig of some broad ciaiiial 
plates, and the stnictare and proportions of certain limb-bones^ 

to the <?enus ArcJugosaurm* The subsequent discovery of 
( ill iiiate scal^^^^ with boiit's of the DmdrcrjMton adds to the pro- 
bability of its appertainiiii,' tt) the GaiiDcrpliiilnns order. A 
second kind of reptile [Hylmmnn,$), and perhaps a third, 
together with a centipede {XyloUm)^ and shells of the air- 
bieathing-snail {fitndropupe^ have rewarded Dr. Dawson's 
later explorations of the hollows of the old coal-forming trees 
of the carboniferous deposits of Nova Scotia. Thus air- 
breathing moUusks, articulates, and vertebiateB, concur with 
the rich ten-estrial vet'otation to testify to the life-sustaining 
power of the atniosphery in the oldest division of tlie geological 
periods of the histoiy of the earth. 

Order TI. — ^Ijlbtbikthodontia, 

Head defended, as in tlie Gfinocephahi, by a continuous casjpie 
of externally sculptured and unusually hard and 
polished osseous plates, including the supplementaiy 
post-orbital* and super-temporal" bones, but leaving 
a " foramen parietale." Two occipital condyles. Vomer 
divided and dentigerous. Two nostrils. Vertebral 
bodias, as well as arches, ossified, biconcave. Pleur- 
apophybci of the trunk, long and iK iit. Teeth ixiudered 
complex by undulation and side branches of the con- 
veiging folds of cement, whence the name of the order. 

The reptiles presenting the aljovc characters have been 
divided into gt iiera, according to minor modifications exem- 
]>lili('d by the form and proportions of the skidl, and by the 
relative position and size of the orbital, nasal, and temporal 
cavities. 

Genus Bafhsibb, Ow. 

* Qtuurlerlij Joarnal of the Geobgical Sodetr, vol. ix., 1853. 
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Sp. BapheUs planiceps^ — ^This is foonded on ]>art of a fossil 
craniimi frum the Pictou coal. Nova Scotia, measuiiiig 7 inches 
across tlie oil (its, belonging to the present order by the nmii- 
ber, si/t% aud disposition of the teeth ; by the proportions and 
mode of connection of the premaxillarie8» maxlllarieA, nasals, 
pie-fhmtala and fzontals; and by the resultant peculiarly 
broad and depressed character of the skull, the bones of which 
also piesent the same well-marked external sculpturing as in 
the Lab3rrinthodont8. Hie form of the end of the muzzle^ or 
u]>|K*r jaw, iu the I'ictou coal specimen, be&l accord with that 
in the Cffjntomwnm nnd Metopic-^ of \on Meyer aiul Ikii- 
meister ; but the orbits had been evidently lai^er and of a 
different form than in the reptiles so called. 

Being thus introduced at the carboniferous period to the 
labyrinthodont order, which attained its fixll development in the 
triassic period, the more decisive evidences and typical illustra- 
tions of that extinct group of reptfles will next be descriljed. 

At the p»'i iod of thtj dejmsition of lliu new red sandstone, 
in the present counties of Warwick and Cheshire, the shoms 
of the ancient sen, which were tlien lonncd by that sandy 
deposit, were trodden by reptiles having the essential bony 
characters cf the modem Batraehi€^ but combining these with 
other bony characters of crocodiles, lizatds, and ganoid fishes ; 
and exhibiting all under a bulk which, as made manifest by 
the fossils and footprints, rivalled that of the largest crocodiles 
of the present day. The lorm of tlie Labyrinthodonts, if we 
may judge by the great Ineadth and flatness of the .>skull, and 
the proportions of certain bones, seems to have been something 
between that of the toad and land-salamander. 

The smooth-skinned Batrachians have no fixed type of 
external form like the existing higher orders of reptiles, but 
some^ as the broad and flat-bodied toads and frogs, most 
resemble the Ohelonians, especially the soft-skinned mnd- 
tortois^ {TrU/iiyx) ; other Batracliiaus, as tiie Ca cilut\ resemble 
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Ophidians; a third group, as the newts and salamanders, 
represent the Lacertians ; and among the pereunihranchiate 
reptiles there are species {Siren) which combine with external 

gills the mutilatod condition of the apodal fishes. 

Thus it ^s ill Ijc perceived that, even if the entire skeleton 

ot" a l-^ihyriuthodout had been 
obtained, there is no fixed or 
characteristic general outward 
form in the existing Batrachian 
Older whereby its affinity to 
that group could have been de- 
termined. The common cha- 
racters by which the Batra- 
eliians, so diversified in other 
resjiects, are naturally asso- 
ciated into one group or sub- 
class of reptiles, besides being 
the Menopome (^Mmopoma taken from developmental phe- 
nomena, and from the circulat- 
ing, generative, and other perishable organs, axe manifissted 
in modifications of the skeleton, and principally in the skuU. 
Tliis is joined to the atlas by tlie medium of two tubercles 
(fig. 85, d, (1), develoj)ed exclusively from the ex-oceipitals ; 
the bony palate is formed chiefly by two broad and tlat 
bones (ib. c), called " vomerine," and generally supporting 
teeth. It is only in the JBatrachians among existing reptiles 
that examples are found of two or more rows of teeth on the 
same bone^ especiaUy on the lower jaw (CadHa, Siren). 
Vertebral characters ate here of less value. Some Batrachians 
have tlie vertebne united by ball-and-socket joints, with the 
cup behind {P{pa\, (»r in front {Rana), as in most recent rep- 
tiles ; others have biconcave vertebral joints, as in a few recent 
and most extinct Stiuriaiis. Some species have ribs, others want 
those appendages; the possession of nha, therefore, even if 



Fig. 85. 

CraDium and uj)|>cr jaw and teeth of 
Ifenopome (Jfouig 
aUeghoHnieiu*), 
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longer than those of the Cdcilia, by a fossil reptile comhininf; 
therewith all the essential batrachian characters of the skull, 
would not be sufficient ground for pronouncing such reptile to 
be a lizard or crocodile. Much less could its saurian nature }ye 
pronounced from the cir- 
cumstance of its possessing 
large conical striated teeth : 
the ordinary characters of 
size, form, number, and even 
of presence or absence of 
teeth, varj' much in existing 
Ratrachians ; and the loca- 
tion of teeth on the vomei^ 
ine bones is the only dental 
character in which they 
differ from all other orders 
of reptiles. 

Tlie writer's acquaintance 
with the remarkable fossils 
under consideration was be- 
gim by the examfhation, in 
1840, of portions of teeth 
from the new red sandstone 
of Cotton End quarr}% War- 
wickshire. The external 
characters of these teeth 
corresponded with those (fig. 
86) which had previously f-jp 

been discovered by ProfeS- Canine tooth of the LobyrinlhfHlon Jaffoeri 
f • f-i (nat. size). 

sor Jaeger m the Ciennan ^ ' 

Keuper formation in Wirtemlierg, and on which the genus 

Mdstodonsaurus had \\e(n\ founded. 

The results of a microscopic examination of the teeth of the 
Mastodonsaums from the Gennau Keu]>( r, and of those from 
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the new red sandstone of Wanvickshire, proveil tliat the teeth 
from both localities possessed in common a very remarkable 
and complicated Btructure (fig. 87* ), to the principle of which, 
— viz., the eonvetgence of numeioiis inflected folds of the 
external layer of cement towards the pulp-cavity, — a very 
slight approach was made in the fang of the tooth of the 
/cA//i?/o.«ii// «,s whilst a closer approximation to the labjTintliic 
structiuf in question was made by the teeth ut .seveiul species 
of ganoid fishes, and by those of Archegosauriis, 

Thus, inasnmch as the extinct animals in question mani- 
fested in the intimate structure of their teeth an afiinity to 
fishes, it might be expected that, if they actually belonged to 
the class of reptiles, the rest of their structure would manifest 
the chaiBcters of the lowest order^ vis^ the Bairachda, the 
existing members of which pass, though not by the dental 
character ii11u<1(m1 to, yet l>y s«i many other remaikable degra- 
dations of sti-uclure, towaixls fislies. 

In the same fonnation in Wirtemberg from which the 
labyrinthic teeth of the so-called MaModonsaurus had been 
derived^ more or less complete crania of the same animal 
were afterwards obtained, shewing the development of a sepa- 
rate condyle on each exoccipital bone, and a divided vomer, 
with a row of teeth on each half. The following fossils, 
from the new red saiulbtone of Wanvickshire, pave adilitional 
proof of the butra« linid nature of the genus, M iiii eMtlence of 
five species, viz^ \, Lahijrinihodon Jafjaeri ; 2. L. kj^to^pia- 
titm; 3, L, pachygnaUms ; 4t, L, venlrico-tits ; and 5. JL, scuinr 
latvs* Additions to the group of Beptiles so exemplified 
have since been so numerous that the name of the genus has 
been successively raised to that of a famOy and an order. 

Tlie LahjriiUhodon {MaMlxynsanms) Jagaeri Ls the largest 
kno^vn sji(»cics, having a skull of ii}>\\ai(ls of three feet in 
length, and nearly Uso lect in bi-eadth. lis limbs might well 
* Owen's Oilootographj, p. 195, pi. 64. 
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have left impTCssion.s of tlie size of tho.se in the Clicsliire 
Siuulstones, (l('srrilM*<l aii<l fi^^uriMl hy Ejierton a.s of the Chriro- 
tiufium JI*-rrii/es. A h>wer jaw ha.s l>een fuinid in tlie "New 
Red" of " Guy's Cliff," Warwickshire : a tooth of the natural 
size is represented in fig. 86. 




FifT. 87. 

Transverse Kvctiou of • tooth of the IjohyritUltodvn (magn.) 



The Lalfyrmikothn Uptcgnathus is known by fragments of 
the up^Hir and lower jaws, two vertebne, and a stemuni. They 
were found in the new red sandstone quarries at Coton End near 

Warwick, Thi* vei-tel)ra has dee]) articular cavities at btth ex- 
ti\'niities of the Ixxly ; the neuial an li is ancliylos^Ml witli the 
centrum, ifiom each side of its base a thick aud strong 
transverse process extends obliquely outwards and upwards. 

The sternal bone consists of a body, which gradually 
thickens to the fore or upper end, where cross pieces are 
given off at right angles to the stem, each with a groove 
for the articulation of clavicles. 
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The fiifMlifinatioiis of the jawn, and raoi\; especially those of 
the bony palut^% arc batrachian : in the collocation of the laiger 
fangs at the anterior extremities of the jaws, there is a resem- 
blance to the Pktmaurus; and in one part of the dental 
structtira, in the fonn of the epistemnm, and the bi-ooncave 
vertebne^ to the Iehihyit9auru»» By the anchylosis of the 
base of the teeth to distinct and shallow sockets, Lahyriit' 
thodon resembles the Spli^raua .iiid certain citlier fishes. 
From the alwnoe of any trace of oxcavatiuii at the inner 
side of the base of tlie functional teeth, or of alveoli of roserve 
for the sncoessional teetli, it may be concluded that the teeth 
were reproduced, as in the lower Batrachians and in many 
fishes^ in the soft mucons membrane which covered the 
alveolar maigin, and that they subeequently became fixed 
to the bone by anchylosis, as in the pike and Lophins. 

Lainp^inthodon pachygnafhiis.—Thv remains of tliis species, 
which have been obtained, ( onsist of portions of the lower and 
upper jaws, an anterior frontal bone, a fractured humerus, an 
ilium with a great part of the acetabulum, the head of a femur, 
and two ungual phalanges. A portion, nine and a half inches 
long, of a r^ht ramus of a lower jaw, in addition to the cha- 
racters common to it and the fragment of the lower jaw of the 
L. leptogmthus, in the structure of the angular and dentaiy 
pieces, shews that the outer wall of the alveolar process is not 
higher than tlie inner. Tlie smaller serial t(H*th are al>out 
forty in nnmlH r, and f,fraduaily diminish in size as they 
approach both ends of the row. The sockets are close to- 
gether, and the alternate ones are empty. The great laniary 
teeth were apparently three in each symphysis, and the length 
of the laigest was one inch and a halt The base of each tooth 
is anchylosed to the bottom of its socket, as in scomberoid and 
saumid fishes ; but the Labt/rin^hodon possesses a still more 
ichtliyir chamcter in the continuation of a row of small teeth 
anterior and external to the two or three laiiger tusks. 
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The remains of the cranium of the L, pachygrmtkm, shew 
that it had subterniiiial nostrils, leading to a with- uiul sliallow 
nasal cavity, separati'<l by a broad palatal Hooiiug Irom the 
cavity ol the mouth, the passage being horizontal, and the 
internal apertures placed behind the external nostrils, whereas 
iu the atr-bieathing Batiaehia the nasal meatus is short and 
vertica], and the ifitemal apertmes pierce the anterior part of 
the palate, suitable to their mode of breathing by deglutition. 
It may be inferred, therefore, that the apparatus for breathing 
by inspiration nmst liave been present iu the Labyrintluxlini, 
aiiil tliat the skeletoii will be lomid to be provided with well- 
developed costal ribs. 

Of the few bones of the extremities wln\ li have come under 
the writer's inspection, one presents all the characteristics of 
the conesponding part of the humerus of a toad or fsoig^ yrz^ 
the convex, somewhat transversely extended articular end, the 
internal loii;;itudina! depression, and the well-developed del- 
toid ridtJT". Ill its structure, as well as in its general form, the 
preiieut bone agrees with the batrachian, and difVers from the 
crocodilian tj^e. The two toe-bones, or terminal phalanges, 
resemble those of Batrachiaua in presenting no trace of a nail, 
and from their aixe they may be referred to the hind feet of 
the pachygnaihm, 

In the light ilium, about six inches in length, and in the 
acetabulum, there is a combination of crocodilian and batntp- 
chiau characters. The acetabular cavity is bounded on its 
upper part by a jtroduced and f'harp ridge, as in tlie frog, and 
not eniai^inate at its anterior part, as in the crocodile. 

A» the fragment of the ilium was discovered in the same 
block as the two fragments of the cranium and the portion of 
the lower jaws, it is probable that they may have belonged to 
the same animal ; and if so, as the portions of the head corres- 
pond in size with those of the head of a crocodile six or seven 
feet in length, but the acetabular cavity with that of a crocodile 
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twenty-five feet in length, then the hinder extremities of the 
LaJbyrinQuidm must have been of disproportionate magnitude 
compared with those of existing Saurians, hut of approximate 
magnitude with some of the living anourous Batraduans. 

That such a reptile, of a size equal to that of the species 
whose reiiiuiiiij havL- just l>r<'ii di sci ilud, existed at the periotl 
of tlie formation (»f tlie uew ml sandstone, is indicatc'd by 
tliose singular impressions to which the term Cheirotkervum 
has been applied 

Labyrinthodori (Ithimibopktdit) 9euiulain».-^The remains to 
which this designation is applied compose a closely and 
irregularly aggregated group of bones imbedded in sandstone, 



HkmbophoU, tcutuUUu. (Trias). ^ ^ 



several small osseous externally sculptured, rhomboid dermal 
.scutes (fig. 88, 3). They were discovered in the new red sand- 
stone at Leamington in 1840.* 

The vertebra? (fig. 88, i, ») present biconcave articular sui'- 
faces JUS in other Labyrinthodonts. In two of them the 
surfaces slope in a parallel direction obliquely from the axis 
of the vertebne, as in tlie doi-sal vertebrae of the fro^ indi- 
cating a habitual inflexion of the spine, analogous to tliat in 
the humped back of the frog. The neurapophysea are anchy- 
losed to the vertebral body. The spinous process rises from 
the whole Immli of the middle line of the neurapophysial 
arch, and e>;itauils at its elongated iiumiuit ijitu :i hc^rizontallv- 
tlattened plale, sculptured irregularly on the upper surface. 
A similar iiatteniug of the siunmit of the elongated spine is 

* Tran*. 0«iil. Soct vul. vL, pi. Tbe term AftMctpitt then propoMd had 
h^n pTi*-engagv<) Mcij(pn for a f^miii nf inniHrtii. 




and manifestly belonging 
t(i the iiiiiiw skflrtoii : tliey 
consist of four vertebiu*, 
portions of ribs, a humerus, 
a femur, two tibiae, one end 
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exhibited in the lai^ atlas of the toad. The body of the 
vertebra agrees with that of the L, UptogTiathus, The humenia 
18 regularly convex at the proximal extremify. A portion 
of a somewhat shorter and flatter bone is bent at a snbaente 

angle witli the distal extremity, uial rcstiubles mobt nearly 
the aiichylosed mlius and ulna <_»! tlie Batrachia. 

The femur has a subtrihedral and Mlightly bent shaft, its 
walls ar(> tliin and eompnrt, including a huge medullaiy 
cavity. The tibiie exhibit that remarkable oomptessicm of 
their distal portion which characterizes the conespondizig 
bone in the Batrachia ; they likewise have the longitudinal 
impression along the middle of the flattened surfoce. The 
chamctei-s of tlic above-defined Liibyriiitlioi lout appciU' to be of 
J3ul>geueri(' value, which is iii(li< at»"«l liy the term Rhimhtphofis. 
Correspondmu ilillerences in the forms and propoi-tions of the 
skull, and in the form and relative position of the orbits, of 
specimens that have been discovered snbseqnently in the 
tiiassic sandstones of Germany, have been similarly interpreted. 

In the LahifrifUhodcn (MasiadonMavrw) Jaegeri — the 
largest of the species. The skull, discovered in the lower 
Keuj>er of Wurtembei-g, is triangular, the two condyles pro- 
jertinn: from the middle of the l>ase : the sides are stiait^ht, 
and converge to the obtuse apex. The orbits are oval, 
narrowest anteriorly, and are situated nearly midway between 
the fore and back part of the skulL The nostrils are very 
small, and are as wide apart as the orbits. 

Lahyrinihodon (Tremaioiaurus) BraunU, Yon Meyer^ — 
The genus was founded on a skull discovered in the bunter- 
sanditein of Bemlwurg. It is about one foot long, and, rela- 
tively to its basal bi-ejultli, longer and narrower tlian in L. 
Jaegerly the sides converging at a more jicute angle. The 
orbits are elliptical, situated in the middle of the skull, and 
wider apart than in L, Jaegeri ; the nostrils ate relatively 
nearer together than in that species. Theve are a pair of pre- 
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iiiaxillo-palutine lumiuiiia as in the frog and toad : beliiud 
these aiu the iuner ajx^i-tun^ of the nostrils ; and then Ibllow 
a pair of uniisually lai^c pterygo-palatal vacuities. 

Labyrinihodm (Metupias*) diagnosiieus, H. von M« — ^lu 
this species the skull is broader in proportion to its length 
than in the foregoing ; the sides are convex as they converge 
to the obtuse muzzle. The orbits are small, of a wide ellip- 
tical form, situated in the imteiioi third of the skull ; they 
arc twice as wide apart ii« am the nostrils. The parietal 
ibramen is near the occipital ridge. The remains of this 
species are from the upper beds of the keuper sandstone in 
Wurtemberg. 

The Ldb^iUkodon (Ca^^Uotaurus) arenaeeus, Munster, is 
distinguished by a broader and almost truncate muzzle. The 

orbits are elliptic, and situated almost wholly in the hinder 
third of the craiiiiiiii ; their inteisp^ice is the same as that 
between the nostrils, wiiich are relatively as laige as in L. 
Braunii, The premaxiUo-palatine foramina are blended into 
one transversely oval foramen. 

The name ZygoBaurw was applied by jEichwald to a laby- 
rinthodont reptile from the Permian cupriferous beds at Oren- 
burg. It has the parabolic skull of Z. Jaegeri and X. diag- 
iwsticus ; the orbits are large, and divided by an interval less 
than their own diaiaeter. The temporal fossa? are relatively 
larger, and bounded by stronger zj'gomatic ai-ches, and seem 
not to have been roofed over by bone. The dentition is 
strictly labyrinthodont^ 

The Lahyrinihodon BuMmdi, Lloyd» is from a sandstone^ 
near Kenilworth, regarded by Professor Bamsay as of Permian 
antiquity. 

Oduntosmcrus Voltzii is a ueuus and s])L'ci('s founded by 
von Meyer <m a portion of a ]o\\ ( r jaw, eoutuiniug lilty teeth 
lodged in nitiier a deej) groove, but apparently presenting the 

* Tiiw generic tenn has been applied to another foesil hy Eicbwaki. 
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labyrinthic structuie. The specimen is from the hunter sand- 
Btone of SonHs-lee^Bams. 

Xcslvrrltijluia Pt i / i/ii. — ]{y this name M. von Meyer would 
iii(li( ;it(> certain flat cranial bone^, sculi'tun'd like those of 
Lah/^i inthodon^ but with a peculiarly polished gaiiuid-like fiU]> 
face, the muschelkalk of Lun^ville. 

In all the foiling forms of Labyrinthodonta^ represented 
by complete cmnia, with the exception perhaps of Zf^oaatMnts, 
the supplemental osseous plates roofing over the temporal 
fossse are present, as in ATchegcsaums, viz^ the ** post-orbital" 
and the " .supf^r-s^juamosal" houes. The oteij»ital condyles 
are distinct, luiiuin<,' a pair; and the vomer is divided and 
usually bears teeth. The pattern of the sculpturing, although 
pitted near the centre of ossification of the cranial bone, 
soon becomes reticulate and then radiate. The upper surface 
of the skull is also impressed by wavy (mucousf) caDals» 
symmetrically disposed. 

The relation of these remarkable reptiles to the saurian 

order biuj been advocated tu be one of close and true aflinitv. 
chietly on the ( baiacter of the extent of ossiiication of the 
skull, and of the outward sculpturing of the cramal bones. 
But the true nature of some of these bones appears to have 
been overlooked, and the glance of research for analogous 
structures has been too exclusively upward. If directed 
downward from the Labyrinthodonts to the Arekegtmuri and 
certain ganoid fishes, it suggests other conclusions. 

Tlie conformity of pattern in the dermal, seinidernial, 
or neurudcrmal bones of the outwardly well-o6biiied skull 
of PohjptcTUS^ Lejndosteuiif Star up, and other ganoid fishes, 
with well-developed lun^^like air-bladders, and in the same 
skull-bones of ArckegoBaurva and the Labyrinthodonts; the 
persistence of the notochord in Arehtgotaunu, as in Stvrio; 
the persistence of the notochord and branchial arches 
in Arekegosaurwt, as in Lfpidwnren; the absence of occi- 
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pital condyle or coodyles in ArehegosavruSt as in L^ndo- 
drm; the presence of labyriatbic teeth in Arch^gtmurust 

as in Lq/kiastena and Lahjrin(hf)d(m ; the large nitdiaii 
and lateral thioiit-plates in A irhcf/(>saiiru~'<, us in McgaluJifhf/.'^ 
and in tlie modern A mpaintM and Lcpidadeus ; — all tlie»e 
cliaracters point to a gieat natural group or seiies, shewing 
the gradations of deve1ri]>niont which link and blend together 
fishes and reptiles within the limits of such gronp. The salar 
mandroid (or so-called " saturoid") Ganoids — LepidosUut and 
Polf/ptcrm — are the most iclitliyoid, the true Labyrinthodonts 
are the most sauroid of the grt^up. The Lepidoairen and 
Arch€{iomv rvH are intermediate giadiitions, one liaving more 
of the pi.scme, the other more of the reptilian, characters. 
The Ardicgosaurus conducts the march of development from 
the ganoid fishes to the labynnthodont 1ype» the Lqndosiren 
to the perennibianchiate type. Both illustrate the artificiality 
of the supposed class-distinction between fishes and reptiles, 
and the unity of tlie ^ Hsematocrya," or cold-blooded Verte- 
brata, as a natnral group. There is nothing in the known 
istmcturc of the so-named A nIu;/osaur7(s or Ma.stodon^^anruji 
that truly indicates a boloiifj:ing to the saurian or crocodilian 
order of reptiles. The exterior ossifications of the skidl and 
the canine-shaped lal)yriuthic teeth are both examples of the 
salamandioid modification of the ganoid type of fishes. The 
Ganoc^shala and LtdiyrigUhodmHa characterize the transitional 
period between the palao- and mezo-zoic epochs. 

Order 3. — Iohthtoptertoia.* 

The bones of tlie liead ^till include the sn]»] Irmentary **post- 
orbitals'^ and supra- temporals*" and tliei-e is a "fora- 
men parietale but there are small temporal and other 
vacuities between the cranial bones» a single convex 
occipital condyle* and one vomer which is edentulous. 
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Vertebral centra, ossifiecl, biconcave ; joined by syndea- 
mosis, not by euttire, to their nenml arch. Pleurar 

ix)i»liyst's of the trunk luug and bent, the anterior oiiea 
witli bifumit-e heads. Teeth with coiiverginf? folds of 
cement at their ba^ ; iuiplauted in a common alveolar 
groove, and confined to the niaxiUar}^ premaxillaiy, 
and premandibular bones. Ftemaxillaiiea much exceed- 
ing the maxiUaries in sisa Orbit veij laige ; a circle 
of sclerotic plates. Nostrils near ike orbits, limbs 
natatoiy ; with more than five mnlti-articulate digits. 
An epiaLeruuiii and clavicles. Xo sacmm. 

With the retention of chardctei-is which indicate, as in the 
preceding ordei-s, an aflRnity to the higher Ganoidei, the pre- 
sent exclusively marine Beptilia more directly exemplify 
the Ichthyic type in the proportions of the premaxillary and 
maxillary bones ; in the shortness (fig. 92, c) and great number 
of the biconcave vettebrse ; in the length of the pleura jwpliyses 
of the vurtebiie near the litad ; iu tlic large proportional size 
of tlie eyt l';ill with its well-ossified sclerotic ( (»at ; and especi- 
ally in the structure of the pectoral and venliul fins. 

It has been usual to unite the present with the following 
order in the same group, called Enalumwria or sea-lizards. 
Both were adapted for marine iife» but breathed the air like 
the Ceiacea : they were, however, *' cold-blooded,* or of a low 
temperature, like crocodiles and other reptiles. The proof 
that the Enaliosaurs respired atmospheric air immediately, 
jiinl did not breathe water by means of gills like fishes, is 
allonled by the absence of the bony framework of tliu gill- 
apparatus, by the presence, position, and structure of the 
air-passages leading from the nostrils to the montli, and 
by the bony mechanism of the capacious chest or thoracic- 
abdominal cavity ; all of which characters have been demon- 
strated by their fossU skeletonn. With these characters the 
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searlizaids combined the piesence of two pairs of limbs shaped 
liked fins, and adapted for swimming. The thoracio«bdominal 

cavity bein«^ encompassed by movable ribs, distinguishes 
tLeni trum tlic Batrachia and Ch lonu> with Im-sluiped limbs. 

Tlie Enaliomuria^ hem^ associated cliictiy by the loco- 
motive organs relating to the medium of life, admit of sub- 
division into two orders by the modifications of those organs. 
One is characterized by having five digits in the fin, the other 
by having more than that typical number. The pentadactyle 
division may be subdivided into those in which the ilio-pubic 
arch is attached to a sacrum and those on which it is freely 
suspended or not so attached, Tlie jiol ydacty-le division pre- 
sents a gencnd ty\)t ol atnicturc more conformable with that 
of which the ^U'chegosaiu-s ami Lal)yrii)tli()ilonts manifest two 
phases of development, and in which tiie ascent from the 
gano-salamandioid fishes reaches its culminating point in 
JchtAijfomierus, 

Qmm ICBTHT08AUBU8. — ^The name (from the Greek tdUftya^ 
a fish» and tauT09, a lizard) was devised to indicate the closer 
affinity of the Ichfhyosaur, as compared with the Plesiosaur, to 

the class of fishes. The Ichthyosaur (fig. 89) is remarkable for 
the shortness of the neck and the equality of the width of the 
back of the head with the front rf tin chest, impri'??ying 
the observer of the fossil skeleton with a conviction tliat the 
ancient animal must have resembled the whale tribe and the 
fisheS) in the absence of any intervening constriction or neck. 

This close approximation in the Ichthyosaurs to the form of 
the most strictly aquatic vertebrate animals of the existing 
creation, is accompanied by an unusual number and shortness 
of the vertebne, as iii sharks ; and by a similar modification 
of the surfaces forming the joints of the back-bone, each of 
whicli surfaces are liollow, leading to the inference tliat tliey 
were originally connected together by an elastic bag or'*ciip- 
sule" filled with Huid — a structure which prevails in the class 
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of fishes, in the Labyrinthodonts, and iii tlie existing perenni- 
hraiichiate Batracliia, hut not in 
any of the whale or porpoise 
tribe. 

With the above modificatioiiB 
of the head, tmiik; and limbs in 
relation to awinunin^ the atme- 

ture of the tail corr^ponds. The 
bones of this part are more nn- 
merous than in the Plesiosaurs, 
and the entire tail is conse- 
quently longer ; but it does not 
shew any of those modificationa 
that duuacterixe the bony sup- 
port of the tail-fin in fishes. The 
caudal yertebne of the lehthyo- 
sanri's f,a"idually decrease in size 
to the end of tlie tail, where they 
assume a compressed form, or are 
tlattcned from side to side, and 
thus the tail, instead of being 
abort and broad as in fishes^ is 
lengthened out as in crocodiles. 

The vety fluent occurrence 
of a fracturt' of the tail, alM)ut 
one- fourth of the way from its 
extremity, in well preserved and 
entire foesil skeletons, is owing to 
that proportion of the end of the 
tail having supported a cutaneous 
and perishaUe caudal fin.* The 
only evidence which the fossil 

• Tnuu. QeoL Socn 2d wetw*, toI. 

p. 511. 
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slceleton of a whale would yield of tlie powerful hori- 
zontal tail-fill elmractt'iislic of tlic living aiiiiual, Ls tlie do- 
juvssimI or lidrizoutiilly-flatU'ncMl form of tlie buiies supporting 
such liu. It is inferred, theretore, from the coirespouding 
hones of the lekUi^oiaurus being flattened in the vertical 
direction, or from side to side, that it possessed a t^u- 
mentaty tail fin expanded in the vertical direction. The 
shape of a fin composed of such perishahle material is of 
course conjectural, as is the outline in fig. 80. Thus, in the 
constnictiou ol the priucipal swiiuniiug organ of the Ichihyo- 
s>/)'rt/.< we may trace, a« in otlier partf of its structure, a coMjlii- 
nation of nianmuilian (beast-like), saiman (lizard-like), and 
piscine (tish-like) peculiarities. In the great length and gradiuil 
diminution of the tail we perceive its saurian character ; in 
the tegumentaiy nature of the fin, unsuatained by bony fin- 
rays, its affinity to the same part in the Tnammalian whales 
and poi-poises is shewn ; whilst its vertical position makes it 
closely resemble the tail-fin of the fish. 

Tlie horizoatality of the tail-fin <>f the whale tnl»e is 
essentially connected with their necessities as wiuni-l)looded 
animals, aiivbreathers needing ready access to atmospheric 
air; without the means of displacing a mass of water in 
the vertical direction by the tail, the head of the whale 
could not be brought with the letjuired rapidity to the sur^ 
foce to rtsj^iiie: but the Ichthyosauis, not being warm- 
blooded or quick bivatlicrs, would not need to bring their 
head to the siui'ace m hv<[\um\\y or su rapidly as the 
whale ; and moreover, a compensation for the want of hori- 
zontality of their tail-fin was provided by the addition of a 
pair of hind paddles, which are not present in the whale tribe. 
The vertical fin was a more efficient organ in tlie rapid cleav- 
ing of the liquid element^ when the Ichthyosaurs were in pur- 
suit of their ))i"ey, or escaping from an enemy. 

The general form of the cranium of the Ichthijosaurus 
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lesemblcs that of the ordinar}' cetacemis dolphiu ifieljphiwM 
iarsio) ; but the /. temtirostria maU the JMfhinvs gangetiem 
in the length and slendemess of the jaws. The essential 
difference in the aea^reptile lies in tihe restricted suee of the 
cerebral cavity, and the vast depth and breadth of the zy^o- 
nmtic arches, to whicli the seeming' expanse of the cmnium is 
due ; fitill more in the peisisteut m(livi(hifilitv of the eh'in(»nts 
of those cranial bones which have been blended into such 
single bones in the aea-ninrainaL The Ickthyosavrus further 
differs in the great size of the premaxillaiy and small size of the 
maxiUarjr bones» in the lateral aspects and antorbital position 
of the nostrils^ in the immense aLse of Hie orbits, and in the 
hu^ and nnmeions sclerotic phites, which latter stmctnres give 
to the skull of the TckthyosawKs its uiost striking features. 

Tilt' true atTiLiities of the Ichthyosaiir are, however, to be 
elucidated by a deeper and more detailed comparison of the 
structure of the skuU ; and few collections now aiford richer 
materials for porsning and illustrating such comparisons Uian 
the palffiontoh^jical series in the British Museum.* The two 
supplemental bones of the skull, which have no homologues 
in existing Crocodilians, are the post-orbital and supei^squa- 
mosal ; both, however, are developed in Archegofiaurm and 
the Liibyrinthodonts. The po.st-<.»l»ital is the htjiuologue of 
the inferior division of the post-fi*ontal in those Lacertians — 
e.fl'-* IgiMnOj Tefpis, Ophimuru&^ Angvu^ in which that bone is 
said to be divided ; but in Ichihyoaaurw it more resembles a 
dismemberment of the malar. Its thin obtuse scale^like lower 
end overlaps and joins by a squamous suture the hind end of 
the malar : the postK>rbital expands as it ascends to the middle 
of tlie back of tlie orbit, then gradually contracts to a point as 
it curves upward and for^vaixi, articulating with tlie suijier-squa- 

* The Mtttoiiuc«l reader !• referred to the writor'e " i:< {^ort on Britiah 
Foedl KeptiieK." Tnmf. Brit. Amoc. 1B39, aad to the AhoaIi And MegasiDe of 
Natvna Hiatorf, 1856. p. 388. 
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mosal and post-frontal. The super-squaniosal may \>v in like 
manner rc^^arded as a dismemberment of the squamosal ; were 
it confluent therewith, the resemblance which the bone would 
present to the zygomatic and squamosal parts of the mam- 
malian temporal 1x»ne would be veiy dose ; only the squa- 
mosal part would be lemoved from the inner wall to the outer 
wflll of the temporal fossa. The 8ape^squamo'sal, in fact^ ooeu- 
pies the position of the temporal fascia in Mammafut^ and 
should be re^iiarded as a supplemental sclero-denDal plat^?^ 
closing the vacuity hetwctMi the ii])]H'r and lower elcnienti» of 
the zygomatic arch, peculiar to n n an air-breathing Ovijmra. 
In the Ichthirmvruft it is a broad, thin, flat, irregular-shaped 
plate^ smooth and slightly convex externally, and wedged into 
the interspaces between the post-ftontal, poetKirbital, squa- 
mosal, tympanic, and mastoid. 

The principal vacuities or apertures in the bony walls of 
the skull of the IchtlnjomimL'^ are the following: — In the 
posterior re^jion the "foramen magnum," the occi]>ito-])arietal 
vacuities, and the auditor}' j^aasages; on the upper surface 
the parietal foramen and the temporal fossae ; on the lateral 
surfaces the orbits and nostrils, the plane of the aperture in 
botii being vertical; on the inferior surface the palato-nasal, 
the pter}'go-sphenoid, and the pterygo-malar vacuities. The 
occipito-parietal vacuities are larger than in Oroeodilia, smaller 
than in Lacerti/ui; they are bounded internally by the basi- 
ex-, and superniccipitals, cxt^n-nally by the parietal and mastoid. 
The auditory apertures are bounded by the tAHi]>anic and 
squamosal. The tympanic takes a greater share in the forma- 
tion of the ** meatus auditorius" in many lizards ; in crocodiles 
it is restricted to that which it takes in lekth^fmiurus. 

The orbit is remarkable for its laige proportional size and 
its posterior position * in the former character it resembles 
that in the lizards, in the latter tliat iu the crocodiles. It is 
fonned by the pre- and post-frontais above, by the lachiymal 
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in front, by the postorbital behind, and by the peculiarly long 
and slender malar bar brlow. In crtxiodiles and in moat lizards 
the frontal euteni into the lorniation of the orbits, and in lizards 
the maxillary also. The nostril h a longish triangular aper- 
ture, with the narrow base behind ; it is bounded by the 
Uchiymal, nasal* maxillaiy, and pre-maxillaiy boneSi It is 
proportionally hoger than in the Plmotaunu, and is distant 
from the orbit abont half its own long diameter. like the 
orbit, the plane of its outlet is vertical. 

The pterypfo-palatlne vacuities are yery long and narrow, 
bitiudest behind, where they are bounded, as in lizards, by tlie 
anterior concavities of the ba^^i-^phenoid, and gradually narrow- 
ing to a point close to the palatine nostrils. These are smaller 
than in most lizards^ and are circumscribed by the palatines^ 
ecto-ptetygoid, mazillaiy, and premaxillaiy. The pteiygo- 
malar fissures are the lower ontleta of the temporal fosse; 
th^ sadden posterior breadth, due to the emargination of the 
pterygoid, relat-es to the passage of the muscles for attachment 
to the lower jaw. The parietal foramen is bounded by both 
parietals and frontals ; its presence is a mark of labyrinthodont 
and laceiiian affinities ; its fonnation is like that in Igxtana 
and BhynckooephalvA. The temporal foesse are bounded above 
by the paiietsl Intemally, by the mastoid and post-ftontal 
externally; they are of an oval form* with the great end 
forwani In their relative site and backwaid position they 

are more crocodiliuu ihau iuc-ertian. 

In coraparintr the jaws of the Jchth//"S'n(/-us Unuirostris 
with those of the gangctic Gharrial, an equal degree of strength 
and of alveolar border for teeth result from two veiy different 
proportions in which the maxiliaiy and pramaiillaiy bones 
are combined together to form the upper jaw. The prolonga- 
tion of the snout has evidently no relation to this diffeienoe; 
and we are accordingly led to look for some other explanation 
of the disproportionate development of the premaxillahes in 

Q 
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the IchtkyoMwrtu, It appeara to me to give additional proof 
of the collective tendency of the affimtiea of the IcMkycmurw 

to the lab}T!nthodont and lacertian types of structure. The 
backward di- iiiiloibital |>Ortitiou uf the iiutstrils, like that in 
wliales. is relate<i totlieir marine existence. But in tlie La1»y- 
riiitiiodonts and Lacertiaua, the nostrils being nearer the lore 
part of the huad, their anterior bouudaries are formed by tlie 
piemaxiUaiiea; it appeals* theiefoie, to be in conformity with 
the above-mentioned affinitiea^ that the pieniaxillarieB of the 
Ichthyosanr should still enter into the same relation with the 
nostrils, althongh this involves an extent of anterior develop- 
ment ]H'()p()rtiniiat<> to the lengtli of tlie jaws, tlie forward ]>ro- 
ductioii (tf wliirli sliarp-tootlit.'d instrnint'iits littcd them, as in 
the modrrii dolphins, tor the prehension oi agile fishes. 

That tlic Ichthyosaurs occasionally sought the shore, 
ciawled on the strand, and basked in the sunshine, may he 
inferred fsam the bony structure connected with their fore 
fins, which does not exist in any porpoise^ dolphin, gmmpus, or 
whale; and for want of which, chiefly, those wamv-blooded, 
aii^breathing, iiiaiiiit- aiiiiual.-, are 80 helpless when left high 
and dr}' on the sands. The stnutiuv in qiu'stion iu the 
fchthyosaur is a strong osseous ai\;h, in\('rted and spanning 
across beneath the chest from one shoulder-joint to the other ; 
and what is most remarkable iu the structure of this ** scapular" 
arch is» that it closely resembles^ in the number, shapes and 
disposition of its bones, the same part in the singular aquatic 
mammalian quadruped of Australia, called OrnitkorfiuikuB, and 
riatiipitHy or diick-niole. Tlie Ichtliyo.saur, wlien so visitin-^ 
the shoi-e either tor .-^Icup or pi-ocreation, would lie or crawl 
prostrate, with its belly rcsting or dragj^ing on the ground. 

The most extraordinary feature of the head was tlie enor- 
mous magnitude of the eye: and from the quantity of light 
admitted by the expanded pupil, it must hare possessed great 
powers of vision, especially in the dusk. It is not uncommon 
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to find in front of the orbit in fossil akiillB, a oizcnlar series of 
petrified ihiii bony plates^ ranged lound a central apertara^ 
where the pnpii of the eye was placed The eyes of many 
fishes aro defended by a bony covering consisting of two 
pieces ; bnt a compound eirde of overlappiiig plates is now 
fouud uiilj. ill the eyes of turtles, tortoises, lizards, and birds. 
This curion^i ap])aratus of bony plates \s ulJ aid in protecting 
the eye-ball from the waves r»r the &ea when the Ichthyosaurus 
rose to the surface^ and &om the pressure of the dense element 
when it dived to great depths; and they shew, writes Dr. 
BnckUmd,* that the enormous eye of which they formed the 
fiont^ was an optical instrument of varied and piod^poas power, 
enabling the ItJUkyotawrus to descry its prey at great or little dis- 
tances, in the obscurity of night, and in the depths of the sea.* 

In the Tchthyomvru.s amwiunu there are seventeen sclerotic 
plates furunug the fore part of the eyeball. In a well-pre- 
served example in the British Museum, the pupillary or cor- 
neal vacuity, as bounded by those plates, is of a full oval 
form, 1^ inch in long HiMUMtt^y, the length of the plates (or 
breadth of the frame) being from 8 to 10 linea. In the same 
skull the long diameter of the oiri>it is 4 inches. The deep 
position of the sclerotic circle in this cavity shewed how they 
hail sunk, by ])ressure of the external nmd^ as the eyeball 
became eollai>sed by escape uf the huiiKnirs iu decomposition. 

Of no extinct species are the materuik for a complete and 
exact restoration more abundant and eatisCEictory than of the 
lekthyoscwnu; they plainly shew that its general eztemal 
figure most have been that of a huge piedatoiy abdominal fish, 
with a logger tail and a smaller tail fin ; scaldes^ moreover, 
and covered by a smooth oi finely wrinkled skin, analogous 
to that of the whale tribe, f 

• BridgnoaUr Trtati$$, Ed. IS&B, vol. i., p. 171. 

t Trans. Orof. S<ir^, 2>1 Sor.. vo!. v. The ipedmes thm described dMNra 
tb« tluipo f>f tbe fin aa io U19 Uvi&g aaiaia]. 
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The mouth was wide, and the jaws long, and armed with 
numerous pointed teeth, indicative of a predatory and cazni- 
▼orons natoie in all the species; but these differed from one 
another in regard to the relatlTe strength of the }«wb, and the 
relative size and length of the teeth. 

Masses of masticated bones and scales of extinct fishes, 
that lived in the .saiiie seas and at the same period as the 
IdUhyosanros, have heeii louiid under the ribs of fossil speci- 
mens, in the situation where the stomacli of the animal was 
placed ; smaller, harder, and more digested masses, containing 
also fish-bones and scales, have been found, bearing the impres- 
sion of the structure of the internal sur&ce of the intestine of 
the great predatory- sesrlizard. One of these "ooprolites" is 
figured beneath the skeleton in fig. 89. 

In tiaciiig the evidence of creative power from the earlier 
to the later formations of the eartli's cmst, remains of the 
Ichthyosaurus are first fomid in tlie lower lias, and occur more 
or less abimdantly through all the superincumbent marine 
strata, up to^ and inclusive of, the chalk formations. They are 
most numerous in the lias and oolites, and the laigest and 
most characteristic species have been found in tiiese fonnsr 
tions. More than thirty species of IdUkyotatmu are known 
to the writer, many of which have been described or defined- 

^Vhenevcr the antecedent forms of an extinct genus of any 
class are known, the character of such genus should be com- 
pared with those of its predecessors in such class, rather than 
with its successors or with existing format in order to gain an 
insight into its true affinities. 

We derive a truer conception of the affinities of the JcAr- 
tkyotaurtu by comparison with the triassic Labyrinthodonts, 
as we do of the Plesiosaunis by comparison- with tlie nmschel- 
kaik SaTu-opterygians, than of either by comparison with 
modern Lacertians and Crocodilians. It is commonly said that 
the Ichihyo- or the FUno-wurua resembles the lizards more, 
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or the crocodiles leee^ in each Bod Buch cbaractem The truer 
expression would be that the Uzards, which are the predomi'^ 

nating form of Saurians at the preseut day, have retained more 
of the 09t«ological type of tlie triassic and oolitic reptiles, and 
that the crocodiles have deviated further from them, or exhibit 
a more modified or specialized structure. The backward posi- 
tion of the external noetnls, the small size and position of the 
palato-ftetygoid fotamina, are marks of affinity to Pknotemnu, 
in common with which genns the cranisl stmctiue of the 
I^thfomurui exhibits a majority of lacertian characters. 

Order 4.^8AO»>i'nEBTOtA.* 

Ko poet-orbitd and supra-temporal bones : lar^c temporal 
and other wnities betweoi certain cranial bones ; a 
foramen paiietale ; two antorbital nostdls ; teeth simple» 
in distinct sockets of the premaxillaiyt maxillary, and 
prCToandibnlaT bones, rarely on the palatine or pterygoid 
bones ; mamillaries larger than premaxilhiries. Limbs 
natatory ; not more than five digits. An epist^muni 
and cla^acles. A sacrum of one or two vertebne for the 
attachment of the pelvic arch in some^ numerous 
cervical vertebrse in most, Pleorapophyses with simple 
heads; tboee of the trunk long and bent 

Genm Nothobaubub^ Mllnstec; 

Sp. Nothatawnu mirabilii, Miinster. In fig. 90 is given 
an analysis of the chief characters as yet asceitained of the 
Si)ecies which may be regarded aa the tyi>e of its genus ; by 
comparing this diagram with that of the Archegasaurus (fig. 
84), the advance in the oi^ganization of the aquatio reptiles 
will be readily traced and undentood. 

The sknll is no longer defended hy a continuous ooveiing 
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of sculptured plate-bones ; the 
vacuities behind the orbits for 
die temporal muscles aie Luge 
and widely open. These Yacm-< 
ties are fenced externally by 
two lou'^ aiul slender horizontal 
bouy bars ; the upper one is 
formed by the mastoid (fij?. 90, 
8), and the ]>ost-frontal (iz) ; 
the lover one by the malar (s6), 
and squamosal (vj); the latter 
answering to the tme zygomatic 
arch in Mammals. The squa- 
mosal abuts by its hinder ex- 
panded end against the almost 
vertical tj'mjmiiic pt-dicle 
which <;ivus attachmuiit tu the 
lower jaw. This shews the 
^ reptilian compound structure ; 
S9 marks the auzangular, 
the angular, 3» the dentaiy ele- 
ment In the side-view of the 
skull, »t is the premaxillaiy, tt 
the maxillary, 15 tlie nasal — the 
cavitv Lelow lu'inj; the lu >stril, 

10 is tlic prefimtal — between 
which and n is the hu lirymal, 

1 1 is the frontal above ilie orbit. 
ThB premaadilary teeth and ooiv 
responding premandibular ones 
are umiBually long; strong and 
sharp; there are two similar 
teeth in each maxillary ; the re- 
muiunig aerial teeth aresmalier. 
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l>ut I't^ually acuU'. In all the crown presents a body <»t hanl 
dentine, with a tliiu coat of enamel, as in the section ul \ • 
the skull. There are no teeth on the extensive bony palate ; 
and this shews no other apertures except the internal nostrils. 

The almost entire and undisturbed veitebial oolnmn, horn 
the nmscheUoiIk of Bayreath, figured by Von Meyer in pL 23 
of his great work on muscfaelkalk SaiiriaD8» and attributed 
to KothosauruB mmihUiSy gives the earlieet indication of that 
modification of the trunk-bones wliich n^nchff? its maximum 
in the PU^iniidimis ti;>. 93\ in which it was hiHt dete^'ted by 
the sagacity of Conybearc* 

Twenty of the anterior vert( l >i a of this series, in Notho- 
«mntf» which begins with the atlas, have the whole or part of 
the rib-pit situated on the oentmin as in the fiist vertebra in 
fig. 90 ; the pit is wholly there on fbntteen vettebrce ; it Ixtgins 
to ascend upon the nenral arch in the fifteenth, as in the second 
vertebra, givon in tig. 90, and is wholly placed there on the 
twenty-first vert^ibra. 

Acconling, therefore, U> the chaiucter^ pi\>|»oH«Hl+ to di»- 
tingin^h the cervical from the dorsal vertebra, I^othomuruM 
has twenty of the former. In the specimen referred to, 
nineteen oonseeotive vertebrse shew the rib-pit supported 
wholly on an outstanding diapophysis from the neuml arch, 
as in the third vertebrs in fig. 90 ; these are to be reckoned 
therefore as dorsal vertehwp. In the cen ical vertebne tlie 
rib-|)it is lai-ge, vertically r< iiit'onn. net divirli'd by a gioovt-; 
its ciminit'erence isliulitly project** in XotlinSimrttJi, Theit* ih 
no clear evidence of any of the cervical ribs being termi^ 
nally ''V|.unded and hatchet-shaped, as in Plesumtmu; those 
of the back, pi, are vertically longer than in Pkswtamnu, 
and more convex. 

In the sacral vertebne, fourth in fig. 90» the rib-pits again 

• Tran-.. (k-uI. Sh_-., vn|. vi , 1*^22 ;ui 1 v, ! i , ^-l 'ionf ]» :\H\. IKJ4 
t llrit. AftiK>cmtiuii, U«'jK>rt on ilritiHh Fossil i{<>pliifH, lt*a<i, pp, iirt. 
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begin to sink upon theeentmtn. Tliere are two distinct sacral 
vertebnB in NcOumurw, They are known by their long, 
straight, terminally-bent, and convergent plenrapophyses, the 

first of wliich overlaps a little the second. To tlie couvergerit 
ends of these riblets, tlie ilium (fig. 90, 6», 2>/) was doubtless 
ligaDientously atlixed. Iii the first caudal vertebra the par- and 
di-apophyses stand out much farther than in the sacrum ; but 
lapidly shorten in the second and third caudals. The com- 
pound process in eadi supports a short stilifonn straight riblet» 
as in the fifth vertebra of figure 90 ; the anterior and sao- 
ceeding caudals support hsemal arches and spines, after the 
disappearance of the pleurapophyses. The haemal arch dis- 
appears in about the eighth vertebra from tlie end, and finally 
the neural arcli. The terminal centninis are subelongate and 
subcompressed. All the ceuti-ums have nearly Hat articular 
ends. Both Nothomurus and Pistosaunia had abdominal ribs, 
of which the median piece (fig. 90, As) was sub-synunetricalt 
the two rays div^glng at a vc^ open ang^e^ and terminating 
in a point or a fork ; the side-pieces (p) seem not to have 
been so numerous as in Plesumurtu, 

The scapula (fig. 90, s') is a short and strong bone, its 
blade appearing? a5? a short and narrow sub-compressed process 
extending from the subquadrate, tliick and expanded end, 
which affords the articular sui&oes for the coraooid, clavicle 
and humerus. 

The daviole^ which is an exogenous process in PUtioiawnu, 
is heie united by a strong oblique suture to the scapula. It 
expands into^ or sends off from its outer part, a broad, flat, 

obtuse process, near the suture ; then contracts and bends 
inwards to the epistemum, to which it is articulated also by 
suture. 

The coracoid (fig. 90, st) sends forward a broad and short 
flattened process, separated by a nanow notch from the scapular 
part of its head ; it then contracts and soon expands into a 
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broad, Rut, sub-triangular plate, the broad and straight border 
of which arliciilates with that of the opposite coracoid. A 
wide uuosjijitied iutcTviil separates the coracoid from the epi- 
steriiiuiL The ossification of the coracoid in the direction of 
this interval gives the peculiar longitudinal or fore-and-aft 
extent to those bones in the Plesioeanr, in which they unite 
with the epistemom. 

The pelvic arch presents a closer correspondence with that 
in the Plesiotaurus (fig. 93). The ischium (fig. 90, 63), contract- 
ing beyond its articular head, there expands into a Hat sub- 
triant^ilar plate. The pubis i^ib., 64) in a subcircular tlat bone^ 
with a notch near the articular end. 

The bones of the limbs, although evidently those of fins or 
paddle-shaped eztieniities» aie better developed than in Plesio- 
muruMt and more resemble the corresponding bones in the 
turtles (C%e2ofi«ff}. The tuberosities or processes for mnscnlar 
attaehment near the head of the humerus (omitted in the 
diagram) are better marked, especially that on the concave 
side of the shaft ; the distal end is thicker and less ex[)anded. 
The whole bone ia more curved than in any Pk-suoKiun. The 
femur (fig. 90, 65) is relatively longer and lem expanded at its 
distal end. The bones of the fore-arm, like thoso of the leg 
(t& t6 and 67), are longer than in P^enoMwm. The articular 
sni&oes present the foramina with raised borders, which 
characterise those in Plmottmri, and which Indicate the fibro- 
cartilaginous nature of the jointa. 

There is a ligamentous or unossified space at the back part 
of both carpus and tarsus (fig. 90, 68). At present there is 
evidence of but four digits in both the fore and hind })addles 
ai Nothosaurus : the metapodial and phalangeal bones are of 
the elongate flattened simple ibmi, characteristic of supports 
of a t^gumentary fin. 

One spedes of Nu^homwnm {N* ISkMmpm, Yon. 11) is fiom 
the lower division of the trias^ called "gris bigarri" of Soul^ 
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lea-Baiiid ; the NoUtmammu aduneidens, with a laige camne- 
shaped recurved hisk in eac) i pi emaxiUaiy, is from themuachel- 

kalk of Crailslieim ; the other representatives of the genus (X. 
Ijujuntcus, N. venicstu.% X. M iiyisffri, X. AndHnnU X. anffmti'- 
from, and ^V. inirahUis), are trom the muschelkalk of Bayreuth 
and Lunciville. 

Gmiis risTOSAiTJ's, Von Meyer. 

Sp. PistomwruA hngcevus, — ^lu this genua the facial part of 
the skull contiactB abruptly in front of the orbits ; so that» 
viewed from above, it resembles a long-necked bottle; the 
orbits are situated in the posterior half of the skull, and the 

nostrils are lateral. From the muschelkalk of Bajneuth. 

Gmvs CONCHIOSAURUS, Von IVIeyor. 

Sp. Ct>ticJtiosaun('^ rhn'af>/.-i. — Tlic facial part of tlit' sknll is 
less prolonged than in Pistosanrm, and the nostrils ai*e ter- 
mimaJ. The teeth arc twelve in number on each side, are 
snbequal, with a pyrifoim ciown, and are placed at widish 
intervals. From the muscbelkaUc at Laineck, near Bayreuth. 

Qemm SncoBAURUSk* Von Meyer. 

Sp. Smotttwrw OaiiUardoi£^---^I!he dossils, chiefly cranial, 
on which this genus is founded, occur in the dolomitic muschel- 

kulk ii- ar Lndwiosberg, and in the iniischclkalk of Luucville. 
Tlie bkuli pn-smts the large temporal fogsje, the divided nos- 
trils, and the general depressed fomi and coni))Osition of that 
of XotJiomurtu and Pvitoaaunis. Hut its facial part is much 
shorter ; the muzzle is neither prolonged nor terminally ex- 
panded, but forma the obtuse end of the short depressed &ce. 
of which the prenuoillaiy part ia the narrowest The nostrils^ 
consequently, although distant from the orbits by half the 
diameter of the latter, are yet nearer the fore-end of the skull 
than in the above-cited Saui'opteryu;ian "^I'liera. Tlie nc»strils 
arc relatively iieai-er to each other, tlie intervening bony tmet 
being due to the premaxillaries, which, relatively to the breadth 

* iyw», o ut n ot ed . 
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of the skull, are much nanower in Sinumunu than in Noiho- 
or Piiio-mttTut. 

The profile of the skull rises from the intcrnasal to the 
interorbitnl repious much more than in the Nothosaur, and 
the dcjitli ()t tlie skull behind the orbit is grater in propor- 
tion to its length. The poet-fimntals are most clearly prodnced 
backwards, along the upper border of the zj^goma to the mas- 
toidfl. The malan are oo-extended, and connected with the 
poet-frontala^ but terminate freely and obtnaely a litde beyond 
the oo-piolonged hind part of the maxillary, without being 
met by or joining a sij^uamosaL 

Most complete and pxtensivp is the ossification of the roof 
of the mouth in this genus. The pterygoids are expanded 
into one broad unbroken imperforate flat expanse of bone, 
from about one4hird of the distance from the snont to the 
occipital condyle ; they aie united by a median anturei and 
underlap the whole of the sphenoid. The teeth, compared 
with Noihmaunu, are few and large, and are snbequal, sare 
one or two at tlie fore and hind extremity of the series. The 
crown expiuids a little above the fang, is conical, and im- 
pressed by a few coaree longitudinal ridges : some teeth are 
obtuse, others acute ; but all are shorter and thicker than in 
NoOuh or PigUheaurus. 

The vertebtfe have flat or vexy slightly concaye articular 
snr&cea on the body ; the neural arch articulates therewith 
by suture. In these characterB, and in their general propor- 
tions, they resemble those of Kotho- and Pletuheamis. It is 
significant of some ditt'erencc iu respect of the arrangement of 
tlie verti'liiTP in the same column, that although specimens 
from the tail, and from di tie rent parts of the back, have been 
obtained, no cervical vertebm with any probability belonging 
to this genus has yet been found. The caudal centrum presents 
two well-defined, rather piomineni; hypapophyses .for the 
hsmal aich. 
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The coiacoid in the contraction of the body reminded Cavier 
of that of the Ichihifotaurtu, but its expanded median part was 
differently shaped. The pubis, like that of the Plesiosaurus, 

resembles to a certuiu degree the pubis in Chdonia. The few 
bones of the limbs which have been found still more resemble, 
as do those of FutosauruSy the corresponding boneis of marine 
Chelonia. Accordingly, there have been entered in paheonto- 
loglcal catalogues an Ichthyosaurus LuneviUensis (De la Beche), 
a Plesiosaurus LunemUeiuis (Miinster), and a Chelonia Luneml- 
lenns (Gray and Kefeistein) ; but all these are parts of one and 
the same genus of Enaliosauxian^-^e Sanrien des environs 
de Lun^yille " of Cnvier, the ^ Simosauros " of H. yon Meyer. 

Genm Pl^vcodus. — ^The cranial structui-e in this genus of 
muschclkalk reptile is closely similar to that in SirnosauruSy 
bnt its proportions are different ; it is as l)road as long ; the 
greatest breadtli being behind, whence tlie sides convei^e to 
an obtuse muzzle ; the entire figure viewed from above being 
that of a right-angled triangle, with the comers rounded off. 
The tempoial fossae are the widest^ and s^gomatio arches the 
strongest^ in the Beptilian class ; the lower jaw presents a 
concomitant development of the ooronoid process (fig. 96, 
29). These devehjpments, for great size and power of action 
of the biting and grinding muscles, rehite to a most extra- 
ordinar}- form and size of the t^eth, wliich i-esemble paving- 
stones, and were evidently adapted to cnuik and bruise shells 
and crusts of marine Invertebrata. 

The teeth of the upper jaw consists of an external or 
mazillaiy series, and an internal or palatal series. The 
manllaiy series aie supported in a marginal rowof alvedU by 
the premaxillary (p>, S2) and maxillary {ib. 21 ) bones ; the 
pahital series are implanted in tlie palatine and pterygoid 
bones. The maxillopremaxillary teeth are five in number on 
each .^ide, two (ih, a, b,) implanted in the preruaxillary, and 
three (ib, c, d, e») in the maxillary. The premaxillary teeth 
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are siibequal, smaller than the maxillary teeth ; their crowns 
are subhemispheric in P. laticepSj but in P. Andriani they 
present a bent, pointed, prehensile character. In P. laticepa 
the first maxillary tooth has a full oval crown, 4^- lines by 4 
in diameter ; the second measures 5^ lines by 4^ lines in 
diameter ; the third is subcircular, 8 lines in diameter, on the 
right side. The palatal series begins on the inner side of this 
tooth, and consists of two teeth on each side. The first tooth 
{ib.f) has a full elliptical crown, 10 lines by 8 ; the second 



A B 




Fig. 91. 

A. RhjnchoBaunifi articcps, Ow, ; TriaM, Shropshire. 

B. Chelonc longiccps, Ow, ; Eocene, Sheppey. 

C. Placodus laticeps, Ow. ; Tria$, Bayreuth 



tooth g)y developed in the broad pterj'goid bone, presents 
a full oval shape, 1 inch 9 lines by 1 inch 3 lines in diameter. 
In Placodus gigas and P. Andriani the palatal teeth, three in 
number on each side, are all of large size, slightly increasing 
from before backwards ; they are situated close together, 
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liti iniiig ou each side a series a little curved with the convexity 
outwards, and tlic iiit<'rsjKice i)etwepn the two jjeries is very 
imiTuw. The maxillary tet^th are much smaller tliau the pala* 
tal ones, have a rouuded or subquadratc crown, are four in 
number, and of subequai dimensions. The premaxillaiy teeth* 
three in nnmher on each side^ are more remote and distinct 
from the maxillaiy teeth than in Placodua rwAvoJtm and P. 
latieepn ; their crowns arc more elongated and conical than in 
P. lalicA'jts ; the pi-ehensile power of the prolonged pi Linax- 
illarv part of the jaw beini^ oln iously greater iu riawdm <ji'ji(s 
than iii P. laticcps or P. rosti'fh>s. Tlie size of the last tooth 
in P. laliceps surpasses that of any of the teeth in tlie other 
species. In projmrtidii to the entire skull, it is the largest 
grinding tooth in the animal kingdom, that in the elephant 
itself not excepted. 

All these teeth are implanted by short simple bases in 
distinct hollow sockets, subject to the same law of displace- 
ment and succession as in utlier reptiles, By some it may be 
<leemcd requisite to separate crpiu'iically tlie PUtrodi with two 
teeth from those with tlii-ee teeth in ra< li palatal series ; Imt 
the Plncidm rostratus offers a 1 raiisitional condition in the 
small relative size of the first two palatal teeth, and in the 
rounded form of all the teeth, £rom the P. Andriani to the 
P. laiiceps. 

We cannot contemplate the extreme and pecnliai modifi- 
cation of form of the teeth in the genus Placodvs without a 

recognition of their a!daptation to the pounding and cnishing 
of lianl sul»s(ances, and a suspicion that the association of the 
fossils with shell-clad Moliusks in sueh niuUitudes ns to have 
sugge8t<Mi special denomimitions to the stiiita. containing 
Plcicodus (e. .7., Timschelkalk, terehratulitenkalk, etc.), is indi- 
cative of the class whence the Plaeodi derived their chief 
subsistence. 

No doubt the most numerous examples of similarly-shaped 
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teeth for a like purpose are affoided by the class of fishes, as, 

e,. (J., by tlie extinct I^cnodoiita, aiid by the existing wolf-fish 
{Aniirrhirlms liqnis) and Costraciuii. Pmt the i*eptilian class 
is not without it*i instances at the present day of teeth 
sliaped like paving-stones, of which certain Australian 
lizards exhibit this peculiarity in so marked a degree that 
the geueric name Cydodm has been inrented to express it 
Amongst extinct reptiles, also^ a species of lizard from the 
tertiary dejiosits of the limagne in France, presents round 
obtuse teetli, of which the last, in the lower jaw, is suddenly 
and c<>ii>i<lrrably laru^ r than the rest. 

yolliomwuHy Sww-m, ur asy and Pwfomicrus present the same 
t'\ ideuces of lacertian aftinities in the division of the nostrils 
by the median extension of the premaxlllaiy backwaids to 
the nasals, the same thecodont dentition, and the same circum- 
scription of ^e orbits and temporal fossae as in Flaeodm : 
there is also a general famOy likeness in the upward aspect 
of these apertures, accompanying an extreme depression of the 
fikull. The nmzzle, though varying greatly in Iriioili in these 
geneiu, presents the same obtuseness ; and tlie iilveolar horiler 
of the jaws the same smooth outward convexity which we 
observe in the Flaeodua, The peculiar confluence of the 
elements of the upper and lower ^gomatic arches^ — i of 
posl-irontal and malar, — ^forming the broad wall of hone be- 
hind the orbits is continued still farther backwards in the 
Simosaurus. In Pistosaurus the elongated post^frontal, malai-, 
and ij«puiniutial are united together in <'ne deep zygomatic 
arch, which has the mastoid and tympanic for its hinder 
abutment. 

It is remarkable that hitherto no vertebrae or other bones 
of the trunk or limba have been found so associated with the 
teeth of Plaeodus, as to have suggested their belonging to the 
same species. Usu.ally, after the indication of a reptile by 
detached teeth, the next step in its reconstruction is based 
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upon detached vertebi-se. The twelve or more evidences of 
FlaeoduSy afforded by bone as well as txjoth, are all portions of 
theskulL It is possible that some of the singularly modified 
veitebree ftom the muschelkalk, next to he described, may 
belong to the Plaeodus ; and the same surmise suggests itself 
in reference to some of the limb-bones from the muschelkalk 
tJiat cannot be assigned to other known saurian genera. 

The obvious adaptation of the driitition of Plaeodus to the 
crushing of very hard kinds of food, iU close analo<?y to the 
dentition of certain tislies known to subsist by breaking the 
shells of whelks and other slicll-f l;ul ^foUusks^ and the cha- 
racteristic abundance of fossil shells in the strata to which the 
remains of Plaeodus are peculiar, concur in producing the 
belief that the species of thb genus were reptiles frequenting 
the sea-shore^ and probably good swimmers. But as at present 
we have got nu further than the liL-ad uad teetli in the recon- 
struction of this mezozoic fonn of niolu&civorous reptile, the 
present notice will cont lude with a remark suggested by the 
disposition and form oi the teeth. In all the species^ under 
the rather wide range of specific varieties of the dentition, 
there are two rows of the crushing teeth in the npper jaw, and 
only one row in the lower jaw, on each side of Uie mouth ; 
and the lower row plays upon both upper rowfl^ with its 
strongest (middle) line of fbroe directed against their inter- 
space. Thus the crushing force below presses upon a part 
between the two pUiies or points of resistance cili n-e, on the 
same principle on which we break a stick across the knee ; 
only here the fulcrum is at the intermediate point, the moving 
powers at the two parts grasped by the hands. It is obvious 
that a portion of shell pressed between two opposite flat sur- 
&ce8 would resist a stronger bite than if subjected to alternate 
points of pressure. 

Omits Tanystropilsus. 

Sp. TanyUr(^1mu6 catispicuuSj II. Von Meyer. — Certain long, 
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slender, Imlhiw bones (fi.L'. 02, a), from tlie Oeinian ninscliel- 
kalk, vvtie reterred l>v (J«iunt Mun^tor to tlie clas.> IhfWia, 
under the nanie of Aiaa-osrclomirrt/s, muL r the imprest»iou 
that they were bones of the limbs. 11. Vun Meyer subse- 
qixently, in more perfect specimens, obeer\'ing that each 
slightly expanded extremity of the long bone was terminated 
by a symmetrical oval concave articular surface, surmounted 
by a ])air of symmetrical lateral incurved plates, resembling 
( Hiitlin iit Tieni-niKipliysos, witli articular surfaces, and with 
their >< tun 1 iuR.s eonthient bases arching over a iienrnl canal 
(as ill ti-iue R, in cut 92), recognized their veilebnil diameter; 
and, adopting the determination of tiieir reptilian nature, but 




repudiating the idra of their bein<i limb-bones, he discarded 
Miinsters name nii<l su) -tituted for it that of Tatitfstropiurus* 
indicative of their peculiar proportions as %'ertebra;. Although 
the articular ends are for the most part symmetrical, the long 
intervening body is not so. It is subconipix'ssed^ usually 
bixtader and flatter below than above : sometimes more flat- 
tened on one side tlmn on the other, givin*; an irio<rular. ver- 
tically u\al, or triunjfular ciu.^s set lion. A low median liilgt- 
is not nncoiiiiii'ai on the lower surface towards the ends of 
the veilebm ; and similar less regular ridges project from the 
sides of the othero'ine smooth outer surface. The centrum is 
excavated by a canal, resembling a medullary one, but more 
probably filled, in the recent state, as in the long caudal style 
of the frog, with unossified cartilage T!ie walls of this cavity 

* Fn»iu TMtvM, to tdouffaie, rr^tf^, rtrto. 
It 
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Hiu cuiiipact, and in iha kness about uiiL-isixth of the diameter 
of the bone. The terminal neuial arches support each a low 
mediAQ ridge or radimental Bpine, wliicU soon subsides. The 
trace of neural canal in like manner disappears, or is oontinned 
by two distinct slender canals which tmTerse for a certain 
extent the substance of the thicker upper wall of the cavity 
of the vertebral body. A single large va.scular canal opens on 
tlie wider surface midway between the two ciuls of the body. 
There its no lince of transvei-se piuce^hcs, lib-burfact^s, oi 
haamapophyses ; this, and the absence of the continuous 
neural canal, indicate these singular vertebne to beloog to 
the tail. From the long caudo-vertebral style of anourous 
Batrachia the vertebrae of Tam^rc^fiuxm differ in having dis- 
tinct articular surfaces at both ends. The diffierence of shape 
and size in the few that have been found also indicates that 
tlit'iY' were mon* tluui two buch vertebne in the tail of the ex- 
traordinary animal to which they have bclon;::ed. Caudal 
vertebra of the normal proportions and structure, from 
muschelkalk of the same localities with TanystrophoeM have 
been referred to Nothomuarw, It is possible^ however, that 
one or other of the remarkable genera— JStiTUMaicruj^ Piaeodus, 
€»g* — ^maj have possessed the peculiar structure in the tail» 
or some part of it, which the tanystrophican vertebra indicate. 
Tlie first four vertebne of tlx* iir< k or trunk of the Futularia 
tabaccaria iirc those which must re&emble in their proportions 
the vertebne above described; but none of the fistuiarian 
vertebne have the articular concavity and the zygapophyses 
at both ends ; the first presents them at the fore end, and the 
last at the hind end, and the modifications of both these 
finished articular ends pretty closely correspond with those of 
Tanystrophct m ; l^ut the second and third vertebne of Fisiu^ 
/aria &n' united with the first an»l tuurth by sutural surfaces 
with de<'ply-int« ilockiiii; |>ointed processes. 
GcniiS 8FUSN0.SAURIS. 
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'Sp. Sphenomurus Stembergii, Von. M. — The i'osbil vertebra* 
on which this genus is founded axe iinlM ilded in a sandstone, 
most like the bunt^r, from Bohemia or the south of Germany. 
Of the twenty-three vertebrre so preserved in nearly their 
natural position, and with their under surface exposed, five 
belong to the tail, the rest to the trunk. Of these, two are 
sacral, two lumbar, the rest are dorsal or thoracic, with long 
and slender ribs connected with them. The neural arch 
appears to have been suturally united to the centrum with 
liiL*' zy<^])<ipliy.S('s. Tiie ai-ticular end of tlie rent rum is 
vertical to its axis ; both are slightly concave. Between each 
centrum is a transversely oval, depressed ossicle, iiomologous 
with the cervical wedge-bones or hypapophyses in Enaliosaurs. 
This is the chief peculiarity in Sphmosavnis^ and recalls a 
character in the vertebral column of Arehegeta/iMnu, 

Genus Plkiosauhus. — Th« discovery of this genus forms 
one of the most inijiuitant additions tliat jrcolofn' has nuuU- to 
comparati\ 0 anatomy. T^r«)n Cuvier (ItM iutMl the structure of 
the Plesiosaur to have been the most singular, and its cha- 
racters the most anomalous that liad been discovered amid the 
ruins of a former world." To the heed of a lizard it united 
- the teeth of a crocodile, a neck of enormous length, resembling 
the body of a serpent, a trunk and tail having the proportions 
of an ordinary quadruped, the ribs of a chameleon, and the 
paddh's of a whale " (tig. 93). " Such," writes Dr. Buckland, 
" are the stranf:^ combinations of form and structure in the 
Ph.nmrnirus, a genus, the remains of which, after inU ruK nt 
for thousands of years amidst the wreck of millions of extinct 
inhabitants of the ancient earth, are at length racalled to light 
by the researches of the geologist, and submitted to our 
examination, in nearly as perfect a state as the bones of species 
that are now existing upon the eai-th." 

The first remains of this animal were ihscovered iu the 
lias of Lyme Kegis about the year 1822, and formed the subject 
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of tlio ])aper }>v tlie Kev, Mr. ( VnivlK'ai'e (nl'tci wards doan of 
LlandafT), and Mr. (afteiwanU 8ii Hcnrv) l)v la lieclie, in 
which the genns was established, and named PlcMmnurvs 
("approximate to the Saurians from the Greek words 
and murost signifying "near'' or "allied to^'' and lizard," 
because the authors saw that it was more nearly allied to the 
lizard than was the lelithyomurm from the same formation. 

The entire and undisturbed skeletons of several individuals, 
of <lii]( ivHt siu'cies, have since been discovered, fullv confinn- 
ing the sagacious i-estoratious by the original disco verei's of 
the Plesht<ifiiirus. 

Vertebral Column. — Tlie vertebral Ix^lies have their ter- 
minal articular surfaces either flat or slightly concave^ or with 
the middle of such cavity a little convex. In general the 
bodies present two pits and holes at their under part The 
cervical vertebrm consist of centrum, neural arch, and pleur- 
iipophysi . Till' latter are wanting in the first vertebra : but 
Ivoth this and the .second have the h\ paivophyses. The cervical 
ribs arc short, and expand at their fi-ee end, so as to have 
suggested the term "hatchet-bones" to their first discoverers. 
They articulate by a simple head to a shallow pit» which is 
rarely supported on a process, from the side of the centrum ; 
but is commonly bisected by a longitudinal groove, a rudi- 
mental indication of the uj per and lower processes which 
sustain the cer\ ical riljis in Crocodilia. 

Til'' liody of the atlas articulates with a large hypapo})h>'sis 
below, with tlie ueurapophysis above, with the body of the 
axis behind, and with part of the occipital condyle in front ; 
all the articulations save the last become^ in Pk»Umufm 
pachyomus^ and probably with age in other species, obliterated 
by anchylosis. The hypapoi)hysis forms the lower two-thirds, 
the neurap(^physis contributes the upper and lateral parts, and 
the centnim forms the middle or bottom of the cup for the 
occipital condyle. The second hypapophysis bocoiaes couliuciu 
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with the inferior interapace between the liudies of the atlas 
and axis. An the cervical vertebne approach the dorsal, the 

lower pail the eoxtal })it becomes smaller, the upj)er }>ail 
lan/er, until it foniis the whole surface, gradually rising lium 
the uentnini to the neurapophysis (tig. 93). This takes ])lace 
at tli(; r«-rti('th vertebra in the PUswsaurus homalosjwn^ n^ 's of 
tlie Whitby lias, but» in roost species^ at about the thirtieth. 

The doisal region is arbitrarily oummenced by the vertebra 
in whieh the costal surface begins to be supported on a di- 
apophysis : this progressively increases in length in the 
second and third dorsal, continues as a transvei-se jn-ocess to 
near the end of the trunk, and on the vertebra between the 
iliac lx)nes it subsides to the level of the neurapophysis. In 
the caudal vertebra the costal surface grailually descends from 
the neurapophysis upon the side of the centrum ; it is never 
divided by the longitudinal groove whieh» in most PUsuuauri, 
Indents that surface in the cervical vertebne. The neund 
arches are commonly unanchylosed with the centrum. The 
long and large spinous proces.ses, in contact along the trunk 
an<l \nm' of the luik,' must liave restricted the bending 
movenieiiUs to llie lateral direelions. The pleunipftphyses 
g^n in length, and lose in ternn'nal Vtreadth, in the hinder 
oervicals ; and become long and slender ribs in the doisal 
region^ curving outwards and downwards so as to encom- 
pass the upper two^hnds of the thoracic abdominal cavity. 
They decrease ui length and curvature as they approach 
the tail, where they are reduced t« short straight ])ieces, 
as in the n(!ck, but are not terminally expanded : they 
cease to be developed near the end of the tail. The ha nia- 
j)0]diyso.s in the aUlomiual region are subdivided, and with 
the haemal spine or median piece, form a kind of plastron'* 
of transversely extended, slightly bent» median and lateral, 
overlap)*in«; bony Itars, ot'cupyin^ the subalHhimiual f<pai'<^ 

* bvc tbc tiiu' ovanipic nf /V. htmolot/ <nnhjlo9 in ifar Hritinh Ma**i'Uiii. 
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between the conicoids and pnbicals. In the tail the hsema- 

]inphyses are shoil and strai^'ht^ and remain ua-united l)oth 
with the centnun alxtve, and with each other below. Tlie 
tail is much shorter in the FUsuj- than in the IciUhyo-saurus. 

The skull is subdepressed ; its length is lather more than 
thrice its bieadth ; but the piopoctions somewhat vary in 
different species. The cranial part^ or that behind the orbits, 
18 quadrate ; thence it contracts laterally to near the maxiilo- 
premaxillary suture, where it commonly expands a little 
belore rouiitliug into the obtuse anterior tennination. 

The orbits are at or near the middle of tlit- skull : estimat- 
ing the length of this by tliat of the lower jaw, they are in 
advance of the middle part in Flesiosaurua Hawkindu No 
trace of sclerotic plates has yet been discerned in any specimen. 
The temporal fosse are laiige subqnadrate apertures. The 
nostrils, which are a little in advance of the orbits, are scarc^ely 
larger than the parietal foramen. Beneath them, upon the 
palate, are two feiinilui'-sized ai)ertures, the palatal nostrils. 

Tli«' lower jaw ]iresents an angular, suranijular, splenial, 
and dentary clement, iu each mmus ; the dentary elements 
being confluent at the expended symphysis. There is no 
vacuity between the angular and surangular or any other 
element of the jaw. The coronoid process is developed, as in 
Plaeodua, from the surangular, but rises only a little higher 
than in crocodiles. Tlie alveoli are distinct cavities, and there 
is a groove alonjLj their innpr border iu both jaw^s. 

When the snrcessionai teeth first project in that groove, 
they give the appearance of a double row of teeth. All the 
teeth are sharp-pointed, long, and slender, circular in cross 
section, with fine longitudinal ridges on the enamel; the 
anterior teeth are the longest 

The scapula is a strong triradiate bone, the longest ray 
being formed by the acromial or clavicular process, which 
arches forward ami iuwanl to abut against tlie sternum, or 
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part answering to the episternura of lizardb. The body of 
the hone is short and straiglit, 

somewhat flatt^ ni'tl : the thick 
articular end, which Unms the 
shortest ray, is siibequally di- 
vided by Uie articular surface 
for the coraooid, and that for the 
head of the humerus. 

The ooiacoids are remark- 
able for their excessive expan- 
sion in the direction of the axis 
of the trunk, extendiTi«< Irom 
the abdominal ribs forward, so 
as to receive the epistemum, 
which ia wedged into their an- 
terior inteispacei The median 
bordeiB meet and unite for an 
extent determined by their de- 
gree of curvature or convexity, 
which ih always sli;,'ht» The 
coracoids unite anteriorly with 
the claviclea* as well as with 
the epistenium ; laterally they 
articulate with the soapula* to 
fonn the glenoid cavity for the 
humerus. 

Tlie epistemum has the 
same u'eneral f«inn a.s the me- 
dian pieces of the abdominal 
ribs* beinrr, like thoBC pieces, 
a modified htemal spine, only 
move advanced in position ; the 
lateral wings or prolongations 
are broader and flatter; the 
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median process is short ; a lonj^ntiuliiuil ridge projects from 
the middle of the internal surface. The humerus is a moder- 
atelj thick and long bone, with a convex head, sub-cylindiical 
at its proximal end, becoming flattened and gradually ex- 
panded to its distal end, where it is divided into two indistinct 
.surfaces fur tin' nuliu.s and ulna. The shaft in most species 
is sli'ditlv cu^^ (•^l I'iu k wards, or the liiud Iwder is concave, 
whilst the front one is straight. The radius and nlna are 
about half the length of the humerus ; the former is straight, 
the latter curved or renir<^>rm, with the concaN'ity towards the 
radius ; both are flattened ; the radius is a little contracted 
towards its carpal end» and in some species is longer than the 
ulna. The carpus consists of a double row of flat, rounded 
discs, — ^the largest at the radial side of the wrist ; the ulnar 
or liinder side appearing to have (onlaincd more unossified 
matt4'r. The motacarjials, five in nuniher, are elongate, slen- 
der, slightly expanded at the two ends, tlattciR'd, and some- 
times a little bent. The phalanges of the live digits have a 
similar fomi» but are smaller, and progressively decrease in 
size ; the expansion of the two ends, which are truncate, makes 
the sides or margins concave. The first or hidial digit has 
generally three phalanges, the second from five to seven, the 
third eight or nine, the fourth eight, the fifth five or six 
phalanges. All are flattened ; the teniuii.u ones are nailless ; 
and the wlmle wei-e nl>viously included, like tlie padtUe of 
the porpoise and tmtle, in a common sheath of integument. 

The pelvic arch consists of a short but sti-ong and stmight 
ilium, of a broad and flat subquadrote pubis and of a triangular 
ischium, the fore^nd-oft expanse of the last two bones nearly 
eqnals that of the coracoids. AH concur in the formation of 
the hip-joint The pelvic paddle is usually of equal lengtli 
with the pectoral one, but in i^ inacroci phalnx it is longer. 
The boms clo.sely cnnespond. in niiniber. arrangement, and 
form, with those of tlie fore limb. 1 lie femur has the hind 
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Uiargiii less concave, anil so appears more strai^^'lii. The 
fibula, in it^j renifonu Hlui|>e, agi-ees with its liomof \ j>r tlit* 
ulna. The tarsal buuen are also smallest on the tibial side. 
Of existin<,r reptiles, the lizards, and amoDgst these the old 
world Munitois (Kamniu), Fitz.), by reason of the cnmial 
vacuities in front of the orbita^ most resemble the Plesiosaur 
in the structure of the skulL The division of the nostrils^ the 
vacuities in the occipital n>gion between the exoccipitals and 
tympanies, tlic parietal f(»ramen, the zy^^omatic extetn.sion of 
the ]K»st-fruutul, the palatu-maxiliury, and ptery«fo->|.li('noi<l 
vacuities in the b(»ny palate, arc all hicertiaix characters, as 
oontradistiuguifihed from cit)codilian ones. 

But the antorbital vacuities between the nasal, pte-frontal, 
and niaxUlaiy bones are the sole external nostrils in the 
FlesiosauTs; the zygomatic arch abnts against the fore part 
of the tympanic and fixes it A much greater extent of the 
roof of the mouth is ossified than in lizards, and tlie i)alat^>- 
maxillaiy and iitt'i'ytrn-s[»henoid fissures are rrduceil to small 
size. The teeth, finally, are nnplanted in distinct s(»ckcis. 
That the Plesiosaur had the ^'head of a li^iud" is an emphatic 
mode of expressing the amount of resemblance in their cranial 
conformation. The crocodilian afiKnities» however, are not 
confined to the teeth, bat extend to the stmcture of the skull 
itself. 

In the simple mo<le of articulation of the ribs the lacei-tian 
afTinTty is a«?ain manifest4'd ; tlic other verte bral ( liaracteix 
exciuplify tlie ordinal distinction of the I'lcsiosaurs fi-um known 
existing n'ptiles. The shape of the Joints of the centrums ; 
the number of vertebne between the head and tail, es|)ecially 
of those of the neck ; the slight indication of the sacral verte- 
hm ; the non-confluence of the caudal hemapophyscs with 
each other, are all ^ plcsiosaoroid.* In the size and number 
of abdominal ribs and sternum may pt-rhaps bo discerned a 
first step in that scries of devciopnicnl of the hicuiap«>pliyM's 
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of the trunk which reaches its maximum in the phistron of 
the Ghelonia. 

The comiation of the daviele with the scapula is common 

to the Chdonia with the Plesiosauri ; the expansion of the 
((nacoids — (■xticnie in Plemomuri — is pieatir in Chdonia 
than in CrocotiUia, but id btill greater in nunie Laceriia. The 
form and proportions of the pubis and ischium, as compared 
with the ilium, in the pelvic arch of the PUstomurs find the 
nearest approach in the pelvis of marine Chdonia ; and no 
other existing reptile now ofteiB so near, although it he eo 
remote, a resemblance to the structare of the paddles of the 
Plesiosaur. Amongst the many figurative illustrations of the 
nature of the Plesiosaur in which pupular \vrit»Ms Imve 
indulged, that whicli compares it to a snake tliruadud through 
the trunk of a turtle is the most strikinf^ ; but the number of 
verfcebne in the Plesiosaur is no tnie indication of affinity 
with the ophidian order of reptiles. 

The reptilian skull from formations underlying tbe lia8» to 
which that of PUsiosaurm has the nearest resemblance, is the 
skull of tlie Pistosaunts ; m thi.s genus the nostrils have a 
similar jiosition and diminutive size, but mv somewhat more 
in advance of the orbits, and the premaxillaries enter into 
the formation of their boundary : the premaxillaiy muzzle and 
the temporal fossee are also somewhat longer and narrower. 
The poslr-fiontals and mastoids more dearly combine with 
malars and squamosals in forming the zygomatic arch, which 
is of greater depth in Ptsiotauirm ; the parietal fbramen is 
larger ; there is no trace of a median parietal crest. On the 
palate, besides internal nostrils, whiuh are small foramina be- 
tween the palatines* pre-maxillaiies, and maxilkries, there 
is a single median premaxillo-palatine foramen. In CapiUh 
savruB wide palato-pteiygoid vacuities are added to the 
foregoing perforations of the bony roof of the mouth : whilst 
in NMoaaums it gives passage only to the nasal canals. 
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In Puttmurus there are 18 teeth on each side of the uppci- 
jaw, including the 5 piemaxillsiy teeth ; in Pleticmwus there 

are from to 40 teeth on eacli side. In Pistomvrvji the 
teeth an* ivlativcly larger, and invsoiit a more oval transverse 
section : the anterior t€eth are proportionally lai^er than the 
posterior ones than they are in Plmotmrm, The dispropor- 
tion is still greater in NQtkotam/rWt in some speeies of which (N, 
aihmeidmst y. m.) a pair of cnnred tasks recalls the peculiar 
armatnie of Dia/madm ; whilst the teeth behind the premaz- 
illar}' and symphysial terminal expansions of the jaws suddenly 
become — <•.//., in NutJujiMurus mirahUia (fig. DO) — ver}'' .small, 
and loria a fetraight^ numerous, and close-set single si ries along 
the maxillary and correnponding part of the mandibular bone. 

Both NothosauruB and Pistomimis had many neck-verte- 
brae^ and the transition from these to the dorsal series was 
effected, as in PUntmurui, by the ascent of the rib-surface 
from the centrum to the nenrapophysis. 

Tn both Notho' and Pisto-mvrus the pelvic vertebra 
develupe* a eoml)int'<l pim-ess (par- and tli-a)>upliysis), but 
relatively larger, vtitically longer than in r/csivsaunnf. This 
process, with the coalesced riblet, indicates a stronger ilium, 
and a firmer base of attachment of the hind limb to the trunk, 
than in Plmotauru^ Both this sfcrnctuie and the greater 
length of the bones of the fore arm and leg, shew that the 
muschelkalk predecessors of the liassio PlenoMuriwete better 
organized for occasional progression on dry land. 

A comparison of remains of /V/.s/i'^,^rt«W has shewn, that 
}»i>eciHc disliiictioujj nr«' aceompauied with well-marked dif- 
ferences in the structure and proportion* of answerable 
vertebne, but are not shewn in small differences of number 
in the cervical, dorsa], or catidal vertebroe. When any r^on 
of the vertebral oolnnm presents an unusual excess of develop- 
ment in a genus, such region is more liable to variation, 
within certain limits, than in genera where its proportions are 
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more normal. Specific characters are afforded hj the propoi^ 
tions of the vertebral centra, by the relative size of the cervical 
ribs, by the relative position, shape and prominence of the 
costal articular surfaces ; bv the flatness or concavity 

of the terminal ailicular siirfat cs ; by the i*elative h)ngth ul' 
the ueck relating usually to a larger m- 8iaalh-r si/.f ot" head ; 
by the structure tiud relative size of the fore and Idud paddle^:. 
More than twenty species of Pksiomurm have been described 
by, or are known to, the writer ; their remains occur in the 
oolitic, Wealden, and cretaceous formations, ranging from the 
lias upwards to the chalk, inclusive. 

Genns PLiosAURrs, Ow. — M. von Meyer regaixls the num' 
her of cerv ical veilclua' and the leugth of neck as diameters 
of prime iini>ortauce in the classification of Reptilia^ and 
founds thereon his order called MacrotreuJiden, m which he 
hicludes mmosmmLH, PiatomumSy and Xothosaim(% wifli 
jplesumurua,* No doubt the number of vertebise in the same 
skeleton bears a certain relation to ordinal groups: the Ophidia 
find a common character therein ; yet it is not their essential 
character, for the snake-like form, dependent on multiplied 
verlclira-, characterizes iMiually ccT-taiu r>airachiai)s (Cacilm) 
and fishcb {Mur(cvn). Certain regions of the veitehral column 
arc the seats of great varieties in iJic same natuml gnjup of 
Hqfliiicu Wc have long-tailed and short-tailed lizards ; hut 
do not therefore separate those with numerous caudal verte- 
bne, as "Macroura,'' from those with few or more. The 
extinct DdiehMaurugoi the Kentish chalk, with its procoelian 
vertebne, cannot be ordinarily separated, hy reason of its 
more numerous cervical vertebra', from other shorter-necked 
pi-ocii'lian lizaixls. As littlt.' can we .separate the sliort-neckcil 
and big-headed amphicrelian Pliosaur Irom llie .Macwtmche- 
lians with which it has its most intimate and true affinities. 

There is much reason, indeeii, to 8U8[>ect th«t some of the 

• Die Saurierdea MiueheIkAlkeK,"fQl. 1847-55. 
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inuschelkalk Saiirians, which are as closely allied to Xotho- 

aaunts m Pfi/tsaMnix is to Plt'siostnmts, may have presented 
analopdis niudifications in the nmnlicr and pnijKJitions of the 
ccrvital vi'itrbia-. It is hardly possible to contemplate the 
broad aiid short-snouted skull of the Siniosaurus, with its 
ptoportionally laiige teeth» without inferring that such a head 
must have been supported by a shorter and more powerful 
neck than that which boro the long and slender head of the 
Kothoaaurus or Pvttosaurtis, The like inference is more 
sti"on*^ly impressed upon tlic mi nil liy tlie skull of tlie Plarodt's^ 
still shorter and brt>ader than that of Siin/iutnntfi, ni\<\ with 
vjustly larger teeth, of a shai»e indicative of their adaptation to 
crushing molluscous or crustaceous shells. 

Neither the proportions and armature of the skull of 
Pkicodus, nor the mode of obtaining the food indicated by its 
cranial and dental chamcters* permit the supposition that the 
head was supported by other than a comparatively short and 
strong neck. Yet the composition of the skull, its pru]>uitions, 
cavities, aiul other light^giving anatoiiii( al ( liaracters, all be- 
speak the close essential relationship oi Piacodus to Smosaurus 
and other so-called " inacrc»trachelian " reptiles of the mus- 
chelkalk beds. The fin-like modification of the limbs is a 
better ordinal distinction than the number of vertebras in any 
particular r^on of the spine. But no single character suffices 
to make known a natural group ; and those who would retain 
tlifi tenn ETmliosauria for the lai-ge extinct nataton,' ^roup of 
«auriaii ixsptiles, should bear in mind thr « .s-rntial di-.tin( tne.s.s 
of the orders Saurapterygii and Jcktlupptenjgiiy typified 
by th<> TdUhyosaunis and PlcMnmvms respectively. 

The generic characters of PHotawms are given by the 
teeth and the cervical vertebrs. As compared with those of 
PUsiosaurus, the teeth are thicker in proportion to their length, 
are snbtrihedral in transverse section, with one side flattened, 
and bouuded by lateral piomineut lidgcs from the more convex 
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8ide8» which are lounded off into each other* and alone abew 
the longitudinal ridges of the enamel ; these are there Teiy 
well defined. The vertebne of the neck are so compressed 

from lu'loi-e backward as to resemble the vertcbnv of tlie Ich- 
thyox4nirtis (fig. 92, c). t^'^^ articular surfaces are fiat, ami 
as many as twelve may be compressed within the short neck 
intervening between the skull and scapular arch« as shewn in 




INiMawmt (IUiiiiBm<lgian). 



fig. 94. For the rest» save in the more massive proportions of 
the jaws and paddle-bones, the bony ftamework of PUotanmut 
closely accords with that of Plewmmms; and, as the verte- 
bne of the trunk resume the plesiosanrian proportions* they 
give little indication of the genus of reptile to which they truly 
belong, when found thitached and apart. Some inclivi<luals 
of Pliosauni.s Imichffddrvs a]»}M'ar to liave attained a length 
of upwards of 40 feet. A tooth of a Fliotaurvs iiroiidis^ 
from the Kimmeridge clay near Oxford, presents the following 
dimensions : — girth of base of the crown, 74 inches ; diameter 
of da, 2 in. 7 lines. Both ends of the tooth are broken 
away, but its length may have exceeded 8 inches ; the general 
size rivalling that of the teeth of the full-grown cachalot, or 
spcrin-wliale* The remains of this motlified form of Sauro- 
pterygian are peculiar to the Oxtortlian and Kimniericlgian 
divisions of the upper oolitic system ; and, in the counties of 
England where those clays have been deposited, vertebrae and 

* Thid opccimen 18 in the collcctiun of the Hon. Robert Marshain, to whose 
kindnoM I ani indeVtcd Ibr its inq^ection. 
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teeth are not uucoinmoii : remains of allied species (Pliosaurm 
Worinskii and SjHmdi/loMiuru-s of Fischer), have been dis- 
covered in equivalent beds in Russia. 

Genus PoLYPTYCHODON. — ^This is represented by species 
equalling in size those of FUoMurut. The teeth have a strong 
conical crown with a sab-circular transverse section, and Hie 
longitudinal ridges of the enamel are set dose all round the 
crown, whence the name of the genus, signifying ** many- 
ridtjed tooth they may be distinguislied from the troth of 
,]ft)S(ts(( un>s or PliosauTus by the absence of the smootii aiinost 
flattened facet of the crown, which surface, in those geneia» is 
divided by two longitudinal ridges from the rest of the crown. 
The teeth are implanted in distinct sockets^ as in PMiaaums, 
The vertebnB found in the same strata, corresponding in size 
with the teeth, present the plesiosauroid type. Bones of a 
large paddle or natatory limb, from the chalk of Kent, may 
also belong to Poli/ittijchndon. A portion of the t raiiiuiu of 
Polifptychodtm inlen ujitu^ from the chalk, shews the ** fora- 
men parietaie," and a plesiosauroid type of temporal fossa\ 

Bemains of Folyptychodan have hitherto been met with 
only in the cretaceous formations : in the upper green-sand 
of Kent and Cambridge, in the Neooomian at Kursk, in 
Russia, and in the chalk of Kent and Sussex. 

The Sauropteiygian iy\vd attained its maximum dimen- 
sions under the la>t two <:i'iioric foriiKs, at the close r>f the 
great mezozoic epoch, when the entire order had passed away. 

Order 5. — ^AKOHoooimA. 

Teeth wanting, or limited to a single maxillary pair, having 
the form or i>roj)ortion8 of tusks : a " foramen parietale 
two external no^trils ; tympanic ixdit Ic lixed : vortebra* 
biconcave ; tnink-ribs long and curved, the anterior 
ones with a bifurcate head ; sacrum of more than two 
vertebrae. Limlis ambulatorv. 
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FaM. — DiOYKODONTIA, 

A long cver-growin<; tusk in ent li iiiaxillarv bone ; prc-maxil- 
laries coniiatc, roiiiiiii;^ willi the lower jaw a beak- 
shaped mouth, probably sheathed with honi. 

The evidences of this most singular family of reptiles have 
lutherto been found only in South Africa, where they occur, 
petrified, in a hard stone of probably triassic age. In the 
modifications of the skull may be discerned characters of 

tho crocodile, toi-toise, and lizaril, coupled with the presence 
of a pair of huLre sliaqvpointiMl tusks, growing ilownwards, 
one from oneh side oi" the u}>per jaw, like the tusks of tlie 
nianitnalian moi^e {Ttichecm). Xo other kind of teeth wera 
developed in these singular aiiiinals ; the lower jaw appears 
to have been armed, as in the tortoise^ by a trenchant sheath 
of horn. 

The vertebne, by the hollowness of the co-adapted articular 
surfaces, indicate these reptiles to have been good swimmers, 

and probably to have habitually existed in water ; but the 
construction of tlie huny passages of the nostrils proves that 
iUvy must have come to the surface to breathe air. The ]>elvi3 
consists of a sacrum composed of 5 confluent vertebne, with 
veiy broad iliac bones, cmd thick and strong ischial and pubic 
bones. The bones of the limbs resemble those of the marine 
chelonia, but are more expanded at the extremities. 

Some extinct plants allied to the Lepidodendron, with 
other fossils^ render it probable that the sandstones containing 
the dicyiioduiit n'i)tiK's wore of the same geological age as 
those that have revcaltil the i-emains of the lihynchosaurs and 
Labyrinthoiioiits in Europe. 

The genus Dicynodon, from the Greek words signifying 
•* two tusks or canine teeth,"* was founded on four species 
* Trans. Qeol. Soc., H MrieR, vol. vii. (dtt, two; hmodot, canine-tootli). 
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liaviug a rounded profile and less strongly ridged maxillaries 
than in the succeeding genus. 

Sp. pieynodon laeerHeeps, Ow. — ^This species is represented 
by a skull six inches in lengtli, in the British Museum, of 

wliicli a reduced figure is given in cut 95, wliere c sliews the 

eaiiiiii' tusks. 

8p. l)ii)jn(Hh>ii ttstiidiapSy ()\v. — In this species tlie skull, 
nnd the facial part luoie particularly, is shorter than in I), 
kuxrttceps. 

Sp. Dteynodan strigieqis, Ow. — ^The shortening of the jaws 
and blunting of the 
muzzle aie carried 
toan extreme in this 

species, in which tlie 
nostrils are situated 
ahuust beneath tlie 
orbits. V 
Sp. Dieynodon e 
ttgria^* Ow.— In 

this species the SkuU and tUHk« ol />*cj,«oc/o» to«r<iofi«. 

length of the skull is 20 inches, its breadth across the 
widest part of the zy<7omatic arches bein^ 1 8 inches. It dif- 
fers from the IJ. lacnlicrps not only in size;, but in the 
relatively larger ca]»acity of the temporal fossa', an<l smaller 
si/e of the orbits. These cavities in D, lacerticejts occupy the 
middle third of the skull, but in />. tifjriceps arc wholly in the 
anterior half of the skulL The profile of the skull in D. lacer- 
tict^ begins to slope or curve down from a line parallel with 
the back part of the orbits, but in i>. ttgrieeps it does not begin 
to bend down until in advance of the orbits. 

CknvM PrrcHOoyATHUS, Ow. — Three other species, shewing 
a remarkable angular contour of the skull, with «!troni;ly rid<;ed 
maxillary and upwardly produced mandibular bones, have 

* TraDB. Geol. Soc., 2d scries, vol. vii , p. 233. 

S 
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been subgenerically separated under the name Ptychoynaihtts. 
Their remains characterize the same formations as those of 

DicyTiodon. 

Piychogiiathm* (kclivi% Ow. — In tlio skull of this species 
(tig. 90, 3a) assuming the honzontality of the upper (fronto- 
parietal) plane of the cranium as giving the natural position 
of the skull, the broad plane of the occiput meets it at an 
acute angle^ rising from the condyle upward and ba<}kward — 
a direction not previously observed in any reptile, and similar 
to that presented by the occiput in relation to the vertex in 
manv mammals. 

The iruiito-piii ictal plane {ib. 3 b) is bounded by an anterior 
ridge (3 J, 14, 15), whence the facial ])art of the skull (3a, 15, 21) 
descends in a direction nearly pju allel with that of the occi- 
put. The occipital ridge (3 4^ 7* is notched at the middle. 
The occipital plane, owing to the outward expansion of the 
masto-tympanic plates (3 e, i» »>), becomes the broadest part of 
the skuU, which quickly contracts forward to the ridged 
beginnings of the alveoli of the canine tusks (3 b, »i). 

Tlie nostrils (3«, /?) are situated nearer the. orbits (0) than 
the muzzle. Tliey are ] )roportionally smaller than in the 
typical Uicynodonts. The orbits (p) are so plat ed and shaped 
as to suggest that the reptile had the power of turning the 
eye-ball so as to look upward and backward, as w ell as out- 
ward, in a peculiar degree. The upper outlets of the temporal 
fossae are broader than they are long. Hie palate has a single 
large oval vacuity at its back part^ bounded externally and 
behind by palato-pteiygoid ridges. In one orbits a few scle- 
rotic I'lates (3a, s.) were preserved. 

The occijiital condyle (3 c) is subtrilubate, and is formed 
by the basi-occipitals (ib. i) and ex-occipitals (ib, *) in equal 
proportions : the latter have coalesced, as in the crocodiles^ 
with the poroccipitals The parietals foim one bone, 

• Ffoni jpd^ m fdd or ridg«, and piuriAot, « jaw. 
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perforated by a small foramen parietale " close to the coronal 
sature. The fiontaU (Sb, n) are broader than they are long, 
and contribute a small share to the aupetorbital border ; their 
median suture is distinct^ and is continued forward, between 

the nasals (15), l>oyond the anterior transverse ritlpje upon the 
straight slojiinu' ]':ii t of the skull, to where the nasals join the 
premaxiliary bone {zzj. The Bny>«^ror)>ital prominence (3 a, h) 
is developed by a lar«,'e subtrian^tlar prefrontal (14). The 
lacr^'inal (13) forms tlie fore part of the orbit, extending 
nearly half an inch forward upon the face. The sides of the 
premazillaiy (ib, «i) bend abruptly down in front of the 
nostrils, to join the maxillaries (ib* >i) ; these form the lower 
boundary of the nOvStrils, and join above and behind with the 
prefrontal, lacrymal, and nasal bones : their outer sui t'aee in 
divided by the stron*^ ridge whicli hiuj suggesUid the sub- 
f?eneric name for the fossiL This ridge» comnii ncing below 
the orbit» where it seems to be a forward continuation of the 
zygoma, becomes more prominent as it extends forward, and 
soon forms the outer angle of the three-sided socket of the 
canine tusk. The rami of the lower jaw augment in depth 
from the angle to the synipliysis, where they are confluent. 
The allele projects a xcry little way beyond the articulation, 
nie articular furface is nioderattly ((uicavr, and ltK»ks 
ohliqut'ly upward and backward. The elements of the pos- 
terior half of the ramus, answering to the articular, an;?tilar, 
and suiangular in lizards, appear to form one piece (3 a, 30}. 
A thin vertical splenial plate, on the inner side of the 
ramus, begins about an inch in advance of the angle, and 
extends forward to the syni]>hysis, at the beck part of which 
it appears to l)ecome confluent with its fellow. Tlie ]»art 
answerin<:j to the angular divppjos from the suran^nilar, and 
forms the hind boundaiy of an oblong vacuity at the middle 
of the side of the ramus, the fore part of which vacuity is 
formed by a bifurcation of the dentary element (st). The 
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dentary is thickened and strengtJieDed by a ridge, oontinned 
Ibrward from the tipper bcrandaiy of the fissiiie, and subsiding 

at the vertical channel upon the fide of the sjTnphysis, receiv- 
in*; the tiisk-^ wheu tlio mouth v.- dosecL The 8\^nJ•]ly.sis 
of the mandible (3 a, 31) ia peculiarly massive — broad, high, 
and Uiick. Anteriorly it is convex in eveiy direction ; it is 
bent or produced upward, terminating in a broad, otmvex, 
trenchant margin, like the fore part of the lower mandible of 
a maocaw. The upward development of the foie end of the 
lower jaw is necessitated by the oblique truncation of the pre- 
iiiaxillai y — the mouth here opening; obliquely upward, a.s in 
s«»me liishes, giving a very odd physiognomy to the skull of 
Ptychognaihus. 

The modification of the back part of the head of Piycho- 
gnaihtis, especially the great expansion due exdnsively to the 
development of ridges for augmenting the surface of attache 
ment of muscles (for the brain of the cold-blooded reptile 
would need but a small spot of the centre of the occipital 
plates for its protection), indicates the power that was brought 
to bear upon the head as the fraim work in which were 
strongly tixud the two large tusks. The j>uwer of resistance 
of the cavities receiving the deeply iin]>lanted bases of the 
tusks was increased by the ridges developed from the outer 
part of their bony wall 

Only the crocodiles now shew a like extent of ossification 
of the occiput, and only the Chelonians the trenchant tooth- 
less mandible : but in both the outer nostril is single and 
median ; the lizards n'|»eat the dividc^l apertures fur respir- 
ing air : in inaiaiiials iiloiie- do we find a development of 
canine ttisks like that in the Dicynodonts. 

PiychoffwUhns latirogtrisy Ow. — A second species of 
Ptyckogn/aihm is indicated by a skull which in its 
facial part is broader and shorter, and which has the orbits 
of a more ciroular form, yet presenting the notch at the 
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upper and back part The gl-'ping facial part of the skull 
present-s the same straight outhiie, aud is of the same length, 
viz^ i inc hes, jis in Ft, dedivu ; but its bieaikh at the base of 
the canine sockets is 3 inches 2 lines, beyond which they 
slightly expand ; and the ridges of these sockets begin to 
project nearer to the orbits.* 

i AM.— CBYPTODONTU. 

Upper as wdl as lower jaws edentulous, or with inconspicuous 

teeth. 

Gcnm UUDENODON, Bain. 

Bp. Ovdenodon Baimi, Ow.— The fossils on wliich this 
species was founded are from a bluish aigillo-ferruginous 
limestone in South Africa, and foxm part of a collection trans- 
mitted to the British Museum by A. G. Bain» £sq^ by whom 
the namef of the genus was suggested. In the species dedi- 
cated to its discoverer, the back part of the skull, jn*eatly 
extended in hreatith by the expanse of thelainelHfunii >iJiin>us 
mnst< tympanies, im linub i'loni above the occipital rondyle 
upward and forward, the superoccipital being continued into 
the parietal (%. 05, 4 r) by a longitudinal channel between the 
oocipitD^temporal cristee. 

The temporal fos8» {tb. 7} are longer than they are broad, 
in which respect Oudenodm more lesembles JHe^nodon than 
Ptychoj acUhm. The zygoma W) \n a long, rather slender, 
compressed bar. The postfrontal l>ai Vl) divitling the 
temporal fossa from the orbit is directed from within out- 
ward, backward and slightly downward. The interorbital space 
is narrower than the intertemporal one, so that the lower 
border of the orbit has a more outward position than the 

• Quarter))- Journal <*l iht: Geologicttl Society, 184K), i>. 51. 
t Ottdeo, nont ; odou><, tooUt- 
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upper one, and the aspect of the orbits {ib. o) is very oblique, 
rather more u])ward tlian outward. The profile of the face 
descends by a regular curve from the upper to the fore part, 
which is nearly vertical, — the pivmaxillar}' (u) being continued 




Fig. 96. 



I and 2. GalcMaurus planiccps, Ow. ; Tria$, RIienoHterberg, Suuth Africa. 

3. Ptychognathus dcclivis. Ow. ; Trias., ib. ib. 

4. OudeuodoD BaiQii, H. \ Trias, Furt Beaufort, Suuth Africa. 

more nearly to the level of the alveolar border of the maxil- 
lary than in Ptycho^nathm. The nostril {ih. n) is relatively 
larger than in rtychoijnathus declivis ; and both premaxillary 
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and iiKixilliny are more deeply nok-hed to f«)riu its fore and 
mult r Itoumlaiy ; the nasal (15), prefrontal (14), and iaci vinal 
(13), eompiete that boundary. Below the middle of the mbit 
a thick, snKxitlily rounded, vertical ridge projects from the 
maxillaiy, in the position of the alveoius of the tusk in P/. 
dedvm ; but it father suddenly subsides upon the alveolar 
border, vhich is here entire and imperforate, forming simply 
a low obtuse angular projection upou that border. Sections 
of fragments of Otulmodmi have demonstrated tliis ridged 
part of the maxillary tu be yolid, witliout the vestige of a 
germ of a tooth answering to the tusk in Dicynudunts. 
The rest of the alveolar border, chiefly formed l)y the pre- 
maxillary, is toothless and subtrenchant, as in the Dicy- 
nodont reptiles ; and, the lower jaw presenting the same 
8tnictuTe» we have in the present remarkable reptile an eden- 
tulous Saurian. 

The composition of the skull is essentially the same in 
(huknodon as in Diryrujihm ; and the same afiiuities may be 
predicated of it, with such additional approach to Chelonia as 
the total absence of teeth may indicate. But the double 
nostril demonstrates the Saurian affinities of the genus. 

Two other species» OudenodM^jprogtMOwsmdi Oud, Qre^i, 
Ow., the sandstones at the base of the Bhenosterbeig, 
South Africa, are described in the Quarterly Journal of the 
Geological Society, 18G0, p. 55. 

Genus IxliraCHOSAURUS, Ow. 

Sjj. lUii/nchosaun's arfiops, Ow.* — The fossils in which 
the above genus and species of reptile have been Ixised 
are from the new red sandstone (trias) of Shropshire. They 
occur at the Grinsill quairies, near Shrewsbuiy, in a fine- 
grained sandstone, and ako in a coarse burr-sandstone ; in the 
latter the writer found imbedded some vertebrs^, portions of 

* Transact ii.n<j of the C&mbrulge i'liilow»pliiiC«l flocietj, vol. vii. p«rt iii., 
1842, p. 356, plates 5 aad 6. 
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the lower jaw, a nearly entire skull, fragments of the pelvis 
and of two femora : in the fine-grained sandstone^ yertebnL', 

ribs, aiul some bones of the seapulai and pelvic arches are 
imbedded. Tlie bones present a very ]»rittle ami crmipact 
texture ; tlie exposed surface is usually smooth, or very Huely 
Btriated, and of a light blue colour. Tlie sandstones contain- 
ing these bones occasionally exhibit impressions of footsteps 
which resemble those figured in the Memoir by Mnrchison 
and Strickland (GeoL Trans., 2d series, vol. pL zxviiL fig. 
1) ; but they differ in the more distinct marks of the claws, 
the less distinct ini])ivssion of a web, the more dmuuutive 
size of the iiiiicrnio-t tnc, and ini})rrssiuu corresponding 
with the hinder j»ait lit the loot, which reminds one of a hind 
toe |)ointing backwards, and whicli, like the hind fne of some 
birds, only touched the ground with its point The footprints 
are likewise more equal in size^ with more regular intervals, 
than those figured in the above-cited Memoir: they measure 
from the extremity of the outermost or fifth toe to that of the 
innermost or first rudiment al toe, about one inch and a lialf. 
They are tii<- only footprints that have as yet been detected 
in the new red sanilstone (piarries at GrinsUh 

As the fossil bones have always been found nearly in 
the same bed as that impressed by the footsteps above de- 
scribed, they probably belong to the same animal In the 
vertebne both articular surfaces of the centrum are concave^ 
and are deeper than in the biconcave vertebne of the ex- 
tinct CnK'odilians ; the texturc of the centrum is compact 
throuj^diout The neural arcli is anchylosed with the centrum, 
without tmcc of suture, as in most lizards ; it sends outwards 
from each angle of its base a broad zj'gapophysi^ with a flat 
articular surface; the two anterior surfiBuses look directly 
upward, the posterior ones downward ; the tubercle for the 
simple articulation of the rib is sitimted immediately beneath 
the anterior zyi^'apophysis. So far the vorlcbwe of the 
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Bh^fnekctaurust excepting their biconcave structiuev teaemUe 
the vertebraB of most recent lixnids. In the modification next 

to be uotioed, they shew oue of the vertebral characters of th« 
Dhw^fticna. A broiid ol^tiise ri<lge rine^ fnuii llic uppn con- 
vex smiiace of the posterior zygapophysis, and arches Ibrvv ards 
along the neural arch to the anterior one ; the upper part of 
this azched angular ridge fonn% with that of the opposite side^ a 
platfoim, from the middle line of which the epimras prooess is 
developed. Notlung of thia kind is piesent in existing lizaids. 
The base of the spinous process is broadest behind, and com- 
mences tliere by two roots or ridges, one fix)m the ii])])er and 
bark part of each pu^tcriur zygapoj)hysia ; the height of the 
spine does not exceetl the aiitero-posterior diameter ot its 
base ; it is obliquely rounded oSL The qonal canal sinks into 
the middle part of the centmm and rises to the base of the 
spine, so that its vertical diameter is twice as great at the 
middle aa at tiie two extremities ; Uus modification resembles 
in a certain degi-ee that of the veitebne of the Pakcotawrus 
from the Bristol conglomerate. 

The skull (fig. 91, a) presents the \\>nn of a four-aided 
pyramid, couii»n ^scd laterally, and with tlie uj)|»er facet arch- 
ing down to the apex, which is foimed by the termiuation of 
the premaxillaries, cut. The very narrow cranium, wide tem- 
poral foflsse on each side, bounded posteriorly by the parietal 
and the mastoid bonea and lateially by strong compressed 
zygomata^ the long tympanic pedicle (tb, r) descending verti- 
cally, and terminating in a eonvex pulley for the articnlar con> 
cavity of tlie lower jaw, tlit; large and complete orbits ('/), and 
the short, eonipres'^ed, and Ix/nt down ui»}»er jaw, are lae-eiliau 
charactiis. Tin- lateral compression and the depth of the 
skull, the great vertical breadth of the upi>er, and the vertical 
breadth of the lower, jaw-bones, shew that it is not a batra- 
chian. The shortness of the muzzle, and its compressed form, 
remove it from the Crocodilians. No Chelonian has the 
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tympomc pedicle so long, so narrow, or so Ireely BUBpended to 
the posterior and lateral angles of the cianium. 

The general aspect of the skull differs^ however, from that 
of existing Lacertians, and resembles that of a bird or turtle^ 
which resemblance is increased by the abeence of teeth. The 
dense stnictui'e of tin? produced iiids (;t ihv preinaxillarics 
iudicattJS an analogy of funrtii ui to the tusks of Dici/twdoti ; the 
premaxillaries, a, are douMf, jis in crocodiles and Chelonians; 
but most of tlid essential characters of the skull are those of 
the lizard. The rami of the lower jaw are remarkable, as in 
BathygneUkua, for their great depth, but not the least trace of a 
tooth is discernible in tiie alveolar border of the dentaiy 
element a. The suraiigular element, / the angular e, and the 
Hi ticidar J, indicate a composition of the mandible, like that 
in li/.aixl3. 

The indications of a dental system are much more obscure 
in the Rhapichvsawrm than in any existing Lticertian ; the 
dentations of the upper jaw are feebler than in the chameleon, 
and no trace of them can be detected in the lower jaw, where 
they are strongest in the chameleon. The absence of the 
ooronoid process in the EhyndumunUt which is conspicuously 
developed in all existing lizards, corresponds with the unarmed 
condition of the jaw ; and the resemblance of the Rhi/ncho- 
saurus in this rcsjiect to the Chdys ferox, would indicate that 
the correspondence extended to the toothless condition of the 
jaws. The resemblance of the mouth to the compressed beak 
of certain sea-birds is produced by the bending down of the 
curved and el(Higated premaxillaries, so as to be opposed to 
the deep symphysial extremity of the lower jaw. 

There are few genera of extinct reptiles of which it is more 
desirable to obtain the means of determining the precise modi- 
fications of the locomotive extremities than the Bhi/nchnmurus. 
Tlie fore-limbs were short, but seemingly adapted for motion 
on land as well as in water. The humerus was about half 
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tbe length of the head, and the anti-brachiam about two-thirds 

the length of the humerus. Tlie fortun{ite preservation of the 
skull lias brought to light modifications of the lacertiiie ^itiiie- 
ture leading towards Cbelonia and birds which before were 
unkno\VQ. 

The cranium of a Bhynchosaurian reptile with obscure 
maxiUaiy dentation^* has been discovered in the sandstones, 
containing the LtgaicpUuront near Elgin; and adds to the 
probability of their triaasic age. 

ijA Jl. — C YNODONTi A. 

A pair of teeth in each jaw resembling in sha^te, position, and 
relative size to the other teeth, the canines of carnivorous 
mammals, and dividing the incisors* from the molars. 

6mu8 Galbbaubub^ Ow.— This genns is founded upon the 
fossQ skull of a reptile (fig. 96^ i and t), from the sandstone of 
Bhenoeterberg, S. Africa, exhibiting that remarkable resem- 

hhiuee to the mammalian carnivorou.*5 dentition, \v hich has led 
to a foundation of a lajiiily lor its reception in the group of 
n?ptiles characterized by the anomalous departures from the 
type of dentition in the great Saurian order of Cuvier, 

The skuU of the Gakmunu plameqM ia, as the specific 
name implies, depressed and flat ; tapering fiom the broad 
zygomatic legicm to the mmsde. The occipital plane is inclined 
from below upward and forward, is continuously ossified, is 
pitted by the insertion of poweiful muscles, and is boundetl 
laterally by ridj»es, converging upwanl and dividing the 
occipital from the temporal fosjiie. The j>arietal crest bifur- 
cates to surround an elliptical ** foramen parietale and the 
divisions thence gradually diverge to the poet-finrntals. The 

• Prof, lluxley has reft rrod ihh f(»«i?4tl to a prnus IfiipfToditpiutdon, Ueawnc 
it «pjH!«rs to poAMM paiatai teeth , but the«« luay have been present in 
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tympanic (ss) is a broad deep plate of horn, convex out- 
waidly. 

The zygomatic arch is continued forward from the tym- 

jmnic (28j, to the postorbitul boundary (x6) ; it is lai^ge and 
deep, and from its outward cnn-alure, gives great %vidtli to 
the fossa which lodged the tempoiul muscles. The orbits 
are of a subtrianj:;iilar form; their aspect is more upward 
than ontwanL The poet- and pre- ftontala unite above 
the orbitk and contribute a narrow tract to each aide of 
the interorbital apaoe^ which is flat The nostril («) is single, 
termina], and vertical; it is bounded laterally by short pre- 
maxillaries. 

The most interesting: peculiarity in the skull is the well- 
marked dchnition li-um the other teetli, by a contrasted supe- 
riority of size, of an upper and lower canine tooth on each 
side^ having the same position in the skull and relative 
position to each other as in the carnivorous mammals. In 
no other Saurian aie incieois so divided torn molars by a 
single canine; in none is such definition of the three kinds of 
teeth so plain and unequivocal. 

The premaxillaries contain eacli four equal-sized teeth 
with simple conical crowns, much shorter than the canines, 
sloping a little forward from the vertical position, and jiassing 
in front of the lower incisors when the mouth is shut. The 
eight lower incisors are narrower than thoee above^ but have 
about the same length of crown. Both upper and lower in- 
cuBors are arranged in contad^ or dose order, as in mammals. 
The canines, c c, have the same relative position to each 
other as in mammals, the lower passing in front, and on the 
inner side of the upjier, when the niduth is shut. Twelve 
close-set conical subcom})nissed teeth succeed the canine in 
both jawsy holding the place of the molar series ; they ai-e 
of nearly equal size, but much less than the canines ; those 
of the upper jaw pass external to the lower molars, when the 
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month is shut ; they would pierce and cut like the casnasBial 

molui's uf carnivorous mammals. 

The reptiliau uatiire of the above-described skuli is sliewn 
by the single occipital condyle, asHociftk-d with the contracted 
cranium and the complex frontal bone ; its crocodilian affini- 
ties by its tenniiial single nostril. The more generalized 
saurian character is exemplified hj the series of small Tascolar 
foramina near the alveolar horder of the jaws, and hy the 
"foramen paiietale;" whilst a most singnlar and suggestive 
approach to the mammalian class is made in the abovc- 
descrilxjd ebanicters of the dentition. 

The predominance of the canines, their seeming want of 
successors — the certain absence, at least, of such evidence as 
would have appeared liad the canines heen snhject to the 
ordinary law of saurian dentition — point to a relationship 
with the Dioynodonts ; the structure of the occipital region 
of the skull and the expanse of the t>'m panics and zygomatic 
arches, also conform to the type of those singular South 
African n jttiles. The breadth and flatness of the skull ajid 
the pn»['(ii1ions of the mbits and temjKtral foRSiv iwall the 
proportions of i^imosaunts amongst the peculiar saurians of 
the triassic deposits of Germany. 

Oenui Ctnochampsa,* Ow. 

Cynoeham^ lantaritM, Ow.'f This genua and species are 
indicated hy the extremity of the upper and lower jaws, 
from the same formation and locality as Gfalegaurus. Suf- 
ficient of the jaw is preserved to shew that it must have 
temiiiiated in a more or less produerd narrow muzzle, which, 
including the untler jaw, wonld present a suIk vlindrical tmns- 
veise section, as in the Gavial and Teleosaiir : but a close-set 
series of small and similarly sized incisor teeth are separated 

• Fnino kuoD, a doer ; and rh»Tnp*ai, the Ep\ptian name for the crocodile, 
t Described and figured in " Quarterlj Journal of Ueological Society," 1809, 
p. C3. Fl. in, 6gii. 1-4. 
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from the rest of tlie dentition by a pair of upper and a pair 
of lower canines, as well contrasted by tlieir superiority of 
size as in Galesaunis. Instead, however, of these canines 
being immediately followed by small molar teeth* there was 
a toothless space extending at least as &r as the upper jaw 
has been preserved on the fossil tmder descriptioii ; and this 
space equals at least twice the breadth of the ciown of the 
upper canine. Other specimens are required to complete our 
knowledge of the dentition. 

The relative positions of the incisors and canines were 
nearly tlie same as in Galea/nus; the crowns of the lower 
canines were perhaps more completely concealed when the 
mouth was shut The nostril is single, terminal, of a trans' 
versely oval shape, with the phine of its outlet inclined from 
above downward and forward. The apeituie is bounded by 
the premaxillaries (fig. 3, ix) below and at the sides, and by 
the nasals (ib. 1 5) abova The extremity of the upper jaw, 
pierced by the nostril, is slightly expanded, as in the Teleosaur, 
but in a less degree than in the GaviaL 

Order VL — FiBBoeAURiA. 

CJtar. — rectoral nienil)ers, by the elongation of the anti- 
brachium and fifth digit* adapted for flight Vertebrse 
proccelian ; those of the neck veiy laige> those of the 
pelvis smaU. Most of the bones pneumatic. Head large ; 
jaws long, and armed with teetL 

The species of this order of reptiles are extinct, and peculiar 
to the mezozoic period. Altliough some members of the pre- 
ceding order resembled birds in the shape or the edentulous 
state of the mouth, those of the present order make a closer 
approach to the feathered class in the texture and pneumatic 
character of most of the bones, and in the development of the 
pectoral limbs into organs of flight (fig. 97). This is due to 
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an elongation of the aritiljnicliial l><»iies, and more eppocially 
to the still greater len^'tli of the metacarpal and phalaugial 
bones of the fifth or outermost digit (fig. 97, 5), the last 
phaliuix of which terminates in a point. The other fingers 
were of more ordinary length and Btze, and terminated by 
claws. The number of phalanges is progreesive from the first 
(fig. 97, 0 to the fourth (4)* which is a reptilian chaiaeter. 




Fig. 97. 

IMl •keleton Pteroimliik»§ ammntlriB: A, Blntch of litring PteradMtyle. 

The hnmerus, with a laiger and more produced pectoral 
process than in birds, shews chaiactecs intermediate between 
those in that cUss and in crocodiles The whole osseous 
system is modified in accordance with the possession of 
wings ; the bones are light, hollow, most of them permeated 
by air-cells, with thin compact outer walls. The scapula and 
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concoid are long and narrow, bnt strong. The breast-bone 

had a short but strong aiui deep keel, contmued forwanl, in 
advance of the cavities for the coracoids much furthrr llian 
in birds ; and the body of the bone expands into a semicircular, 
slightly convex, disc, separated by a oonstnctiou from the 
nanower keeled part^ sappoitiDg the coraooida The vertebree 
of the neck ate few compared with those of birds ; but they 
are large and strong; for the 8up]>ort of a large head with long 
jaws, anned with sharjvpointed teeth. The skidl is, however, 
lightened by lar<,'e vacuities, of which one (p, lig. 07) is inter- 
posed between the nostril n and the orbit /. The vertelme of 
the hack are small, and grow less to the tail They are more 
numerous than in birds, there being in some species seventeen^ 
including one or two libless or lumbar vertebree. Those of 
the sacrum are small, from three to seven in number: but 
the pelvis is weak, and the hind limbs bespeak a creature 
unable to stand and walk like a bird. The body must liave 
Ix'L'u dragged along the ground like that of a bat. The 
Ptcrosauria may have been good swimmers as well as tlyers. 
The wings were outstretched membranes, as in bats ; the skin 
of the body was apparently smooth, or finely wrinkled ; no 
trace at least of scales^ hairs, or feathers, has been manifested in 
the fine-grained stone (lithogruphic), most rich in Fterodactyle 
remains; and in which the fine ** bone-tendons," and delicate 
Siderotic plates of the eye are preserved. The vertebral bodies 
unite by ball-and-soeket joints, the eup being anterior, and in 
them we have the earliest manifestation of the ** procoeliau " 
type of vertebra. The atlas consists of a discoid centrum, 
and of two slender neuiapophyses ; the centrum of the axis 
is ten times longer than that of the atbs, with which it ulti- 
mately coalesces; it sends off from its under and back part a 
pair of processes, above which is the transversely extended 
convexity articulating with the third cervical \ ertebra. In 
each vertebm there is a laige pneumatic lorameu at the middle 
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of the side. The neural arch is cuntiuent with the centnini. 
The antei-ior ribs have a bifurcate head. The dentition is 
thecodont 

A specimen of Ptefodactyle^ from Bavarian liihf^giaphic 
slater shewing apparently but two phalanges in the wing- 
finger, represents a family (Diarihri), and a ^nns Opii- 

thapterus^ in the system of V. Meyer.* The iiuiaial miiiil>er of 
phalang^^s in tliis chani' teri^tic digit of a rterosatir is four. 
The metacarpal bone varies in relative length in (liitLicnt 
species. In Pter. longirostris it is more than two-thirds the 
length of the .fint phalanx* in Pter, hngiMum it is five- 
sixths that length ; whilst in Pter» Qemmin^ it is less than 
one-fifth the length of the phahinx it supports. Other 
variations are indicated by such specific names as, maaronyx 
l<ing-ehiwed, micronyx small-ilawed, eiossip^j* thick-footed, 
iotiffipes long-footed, — longiroslri&, hrevirostrisy crassirostrU, 
eonirodru, eompresfdrostris^ seolopaeieepe, simm, relating to 
various shapes of the he&d,^fn«fuc«^ ffrandit, vuUurinvs, 
ffiffonieuB, relating to size of body, eta The characters here 
adopted for the genera of Pienmuria are taken from the 
dental sjstenL 

Genus DiMOltPHonoK. Ow. 

Sp. DiTnorjiht^^uH iitio , onij i\ likd. — In tlji.- .N|M'( ies, fruiii 
tilt' h)wer lias of JJorset shire, the teeth are of two kinds; a 
f«'\\ at the fore part of the jaws are long, lai^e, slmrp-pointed, 
with a full elliptical base ; behind them is a close-set row of 
shoit» compressed, veiy small lancet-shaped teeth. In a 
specimen fitom L3rme Begis> the skull is 8 inches long, and 
the expanse of winjj about 4 feet There is no evidence of 
this species haviiig liad a hiiig tail. 

(k)ii/s IlAMPHOKiivNtHi .s. Von Meyer. — In thiH genus the 
fore part of each jaw is without teeth, and may have been 
encased by a homy beak, but behind the edentulous produc- 

• " Beptilwa mt d«m IJt1io«niphif«heD 8ebi««>r," fol. ia<K», p. 24. ' 

T 
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tion there are four ov iixv large and long tet tli. followed 
by several suiiillor ones. The tail is long, stiff, and slender. 

Tlie Raniphorhyn^ihiis lon/ficaudmy R. Gemmingi^ and R. 
}fun<i(eri belong to this genus. All are from the lithogiaphic 
(middle oolitic) slates of Bavaria. 

Gen^a Ptbrodagtylus, Cuv. — ^Xbe jaws are provided with 
teeth to their extremities; all the teeth are loDg, slender, 
sharp-pointed, set well apart, The tail is vety short 

P. ImgiroarU, Ok. — ^Abont 10 inches in length ; from 
lithographic slate at Tappenheim. P. cras.slrodns, Goldf. — 
About 1 foot long; same locality (fig. 07). P. Kocliii, ^^'agn. 
— 8 inches long ; from the lithographic slates of Kehibenn. 
P. mediva. Must. — 10 inches long; from the lithographic 
slates at Meuleuhard. P. grandis, Cuv. — 14 inches long; 
ftom lithogiaphic slates of Solenhofen. Two small and 
probably immature Pterodactyles, shewing the large enminm, 
short jaw8» and nnossified stemnm, characteriatlc of such 
immaturity, have been entered as species under the names of 
P. brevirodris and P. Meyeri. The latUn* .shews the circle of 
sclerotic r vc-plates. 

The fragnieiitaiy remains of IMerodactyle from liritish 
oolite — €. g.^ Stonesfield slate, usually entered as PUrodactylus 
BuMmdi — indicate a species about tlie size of a cormorant ; 
but a portion answering to the half of a xamns of the man- 
dible» this locality, measnring nearly 6 inches in length, 
indicates a much larger species. The crown of one of the 
teeth is I inch 2 lines long, and 4 lines broad at the base. 

The evidences of Ptenxlactyles from the AVealden strata 
indicate species about 10 inches in length of >)ody. Those 
(P. Fittoniy P. Sedr^rirhii\ and P. strnxis, Ow.) from the upper 
greensand formation, near Cambridge, with neck-vertebra? 2 
inches long, and hiuneri measuring 3 inches across the proximal 
joint, had a probable expanse of wing of from 18 to 20 feet. 
The P. Cnvieri, Ow„ and P. cmpremroBtris, Ow., from the 
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chalk of Kent, attained diroen«ions very little inferior to thu«*e 
of the rpt^ensand Pterodactyles. 

\Vitli ivLTanl to tlu; raii<;f of this T"»*ninrks»h!(» onlcr of flying 
reptil(»s ill ;^'»'«»l(';^'ical time, tht* nM« >i U( ll-kno\vii rtcrodaclyh* 
is the l)inufrp^w(hm rmumnyjc^ ot tiie lower lias; but Ix^nes of 
Pterodactyle have 1m rn discoveml in th<* coeval lias of Wir- 
tembeig. The next in point of age is the IHmorphodm Btmr 
Uunna, from the Posidonomyen-echiefer " of Ban2 in Bavaria, 
answering to the alum shale of the Whitby lias ; then foUows 
the P. BuchJnndi from the Stonesfield oolite. Above this 
roine the tii-bt-tlrtiiuMl nnd luinirioiis siircics of I'tcriMiactyJe 
from the lithograpliic slates of the middle oolitic system in 
Germany, and from (Jinn on the Khoue. The Pterodactyles 
of the Wealden are as yet known to us by only a few bones 
and bone fragmentsi The laigest known species are those 
fiom the upper greensand of Cambridg^htre. Finally, the 
Pterodactyles of the middle chalk of Kent almodt as remark- 
able for thoir <freat size, (ronatituU' tlu' liust foijus of flying 
reptile known m the history of the crust of tliis earth. 

Order VII. — TuEcoi>o!n'iA. 

Char, — ^Vertebial bodies biconcave: ribs of the trunk long 
and bent, the anterior ones with a bifurcate head : 

sacrum of three vertehne : limbs ambnlatory, femur 

with a third tnx li.iiiu r. Trctli with thecnAvii nioi-** or 
h>.s comj)ressed, jMjintrd, with trenchant and rtnely 
serrate margins : implanted in distinct sockets. 

Otnus THCConoNTOSAURUs. A and 8* 
Sp. ThtcodontosauTvs anii^ua^ — ^In 1886 certain reptilian 
remains from the **dolomitic conglomerate* at Bedland, near 

Bristol, were de8cril>ed by Messrs. Riley and Stutchbury.* 
* U«4)logical TrsiiJMctionR, 2d wriet. vol. t , p. 344. 
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The matrix lias l>een referred to tlu' reruiiaii period ; but it is 
now thought by aome good obaerveis to be not older than the 

The teeth in these reptilian fossilB ore lodged in diatinct 
socketB; they aie aiianged in a close-set series, sli^tly de- 
cresfiing in size towards the poeterior part of the jaw ; each 

ramus of the lower jaw contained twenty-one teeth. These 
are conical, i-nthcr slnider, eorapresseti ari<l acntely pointed, 
with an anlerior and pusb'iior finely-sermted the serra- 

tures being directed towards the apex of the tooth ; the outer 
surface is more convex than the inner one ; the apex is slightly 
recurved; the base of the crown contracts a little to form the 
fang, which is subcylindxicaL 

Genvs Pal^bosaurus, R, and 8. In the same formation as 
contained the jaw and lerili of tlic T/i*r(nIo/ifv6aun/s two other 
teeth were separately discoverod, (lilfci iiin: from tho preceding 
and liom each other ; the crown of one of these teeth measur- 
ing nine lines in length and five lines in breadth. It is com- 
pressed, pointed with opposite trenchant and serrated maigins, 
bat iia breadth as compared with its length is so much greater 
than in the TTiecodontoeawms, that upon it has been founded 
the genus Pai(rosaunm, and it is distinf»uished by the specific 
name ni' p/i(hfoffm„ from tlic second tooth, wliich is referred to 
the same genus und*jr the name of Falceosaurtcs cyliTulroikm, 
The portion of the tooth of the Paleeosaurm cylindrodon which 
has been preserved, shews that the crown is suboompressed 
and traversed by two opposite finely-serrated ridgesii as in the 
Th^eodomUmumi ; its length is five lines, its breadth at the 
base two lines. 

The vertebrae associated w ith the two kinds of teeth above 
described iin- sub-biconcave, with the middle of the hotly more 
constrirted, and terminal luticular cavities rather deeper than 
in Telcosawus ; but they are chiefly remarkable for the depth 
of the spinal canal at the middle of each vertebra, where it 
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8Luks into the substauce of th«' centrum ; thus the canal i.s 
wider, vertically, at the middle than ut the two ends of the 
veitebra : m analogous stracture^ but lees marked, obtams in 
the doisal vertebne of the JRh^ftuhotaunu tsom the new red 
sandstone of Shropshire. 

Besides deviating from existing lizanls in the thecodont 
dentition and biconcave vertcbni', tlu' Sani ians of the dolomitir 
conglomerate aIho ditfer in having some of their ribs articulated 
hy a head and tubercle to two surfaces of the vertebra, as at 
tiie anterior part of the chest in ciooodiles and Dinosaurs. 
The shaft of the rib was traversed, as in the Ptotorosanr and 
Bhynchosaur, by a deep longitudinal groove. Some fragmen- 
taty bones indicate obecnrely that the pectoral arch deviated 
from the crocodilian, and approached the Lu crtian or enalio- 
saurian type, in the presence of a clavicle, and in tlie breadth 
and complicated form of the coracoid. The sacrum includes 
at least three vertebne. The humerus appears to have been 
little more than half the length of the femur, and to have been, 
like that of the Bh^fnek/owurus, unusually expanded at the 
two extremities. The femur is chiefly remarkable for a third 
process or trochanter, just above the middle of the shaft which 
shews a mednllarv cavity. The distal condylt.s arc tlattcncil, 
the outer one being the lar^'cr ; there is a deep depi-essiou 
between them posteriorly, and a vf n- slight one anteriorly. 

The tibia, fibula, and metatarsal bones manifest, like the 
femur, the fitness of the Saurians for progression on land. 
The ungual phalanges are snbnsompressed, curved downwaids, 
])ointed, and impressed on each side with the usual curved 
canal. 

The folhnvin;^' cunclusidns may be drawn from the know- 
ledge at present poeses&ed of the osteology of the Thecodonto- 
murus and Paif^osaurcfi : in their thecodont type of dentition, 
biconcave vertebra^ double-jointed ribs, and proportionate size 
of the bones of the extremities, they agree with the amphi- 
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c(jelian crocodUes ; but ibey coitibiue a diuosauriati femur, a 
lacertiau form of tootb, and a lacertian titmcture of tbt- pi L- 
tonil and }»robably ]>elvic arch witli these ei-ocodilian charac- 

tei*s ; having distinctive nioditications, as tlie inouilifonn 
spinal canal, in which, howevfi, the almost conteiujjorary 
Khynchosaur participates. It would be iutei-e^tiug tu ascei^- 
tain whether the caudal verteline are characterized, as in the 
Thuringian Ptotorosaur, by double diveiging spinous processes. 

Genug Belodon, Von Meyer. 

Sp. Beltxion Plieningcri. — The reptile from the iipj>er white 
keuper sandstone of Wirtenibei-g, descrilwd by Plieninger,* 
a^r»?cs in its t sscntial charactt;rs so i lusely with the thecodont 
8aurians of the Bri^^tul conglomerate as to add to the proba- 
bility of both belongin<: to the same lower niezoasoic period. 
Three veitebne are modified to afford adequate attachment to 
the iliac bones in Bdodon, and the femur shews the third 
trochanter, affording the same evidence of aflfinity to Dino- 
tauria as in the English Thecodonts. 

Genus Ct.adyodon. Ow. 

Sp. Cliidi/otlon Lloijdii. — In the Memoir on the Triassic 
Ked Sandstouea of Warwick, by Murcliison and Stricklaud, 
published in 1840, in tlio 2d series of the Geological Transac- 
tions, voL a tooth, which is an extremely rare fossil in those 
English formations, was figured in pL xxviii, fig. 6. 

Having had the opportunity of studying the original 
specimen and fragments of some others of seemingly the 
same species from tlic nvw rtd sandstones of Wanvick and 
L<*aminf,'t()n, the writer rceo^uized the affinity of the reptile 
possessing those teeth to the thecodont n']»tilt's f)f the Jiristol 
conglomerate, and indicated what appeared to be a generic 

• Wiiitemb. iiHturf. .Inlireshefte, viii., Jahrg. 1H57, p. 3K'.I. Juegcr's 
Phytotauna a)>ptur» to have been foundc<l on casts of the »ocket» of the teeth 
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inodificatioD of dental fonn by tlie term Cladyodon,^ He 
subaequently received other epecimeos of the teeth character- 
izing this genus, which may be described as beiug two-edged, 
8ub-coiiipn'3sed ; the sides more or less convex : the edges 
more or less sharp, and i'i*equt'ntly finely serrate ; tli«' crown 
slightly bent sideways* the inner side towards tlic mouth- 
cavity. The teeth are sometimes lancet-shaped, through con- 
vetgence of the edges towards point ; sometimes throngh one 
edge being convex and the other concave, the crown is slightly 
curved or siclde-sbaped ; sometimes, through use, the point is 
blunted. The enamel is very thin, smooth, shewing under 
the lens a slight longitudinal striatioii, forming wrinkles. 
The dentine is disposed in concentric layers ; it is not laby- 
rinthic ; the base of the t<^>oth shews a conical pulp-cavity. 
These teeth indicate a Saurian about ten feet in length. 

The writer cannot discern any generic^ or even good specific 
distinctionfl^ between the teeth of CKeNfywIon* from the War- 
wickshire keuper, and those of Bdodm from the Wirtemberg 
keuper. liotli art^ nearly allied to the thecodonts of the 
Bristol conglomerate. 

The two following genera are referred provisionally aud 
with doubt to the present order : — 
Qmtu Bathtgnathus* Leidy. 

Sp. BathygnalhuM barealis, Leidy* — Allied to the Ckulycdon 

by the shape of the teeth is the Saurian from the new red 
sandjiit4»ne of Triuce Kdward's Island, North Aiiicrica, tin; 
generic and sjiecific chamcti'rs of which have been deduced 
by Dr. Leidy f from a portion of lower jaw, containing seven 
teeth, but with interspaces from which oUieni have been lo$t 
The d^h of the dentazy bone is five inches ; a peculiarity 

• Reports of tlie Britttli AModalioo, *' Brit. FoHa Reptiles^" 1841, p. 155. 

(8ee fuller il« •x ni.tion:*, with tiL'urei, in OdoiUography, pi. 62, A, fig. 4, a, h.) 
t •louruiil of the Acm'U iiiv of Sciencpn, Philadelphia, Ttil. ii., p. 327, pi. 

xxxiii. 
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which suggested the generic name (jkUhui, deep; gnathm^ 
jaw). The precise mode af implantation of the teeth is not 
described. 

The fossil was discovered at a depth of 21 feet from the 

surface, in ;i red sandstone supposed to be of tlie .same age ah 
that of Couueeticut, so i-emarkalOe for llie various and singular 
foot-marks, referable, some to reptiles, and others to latge 
birds. 

Genus Pbotobosattkus, Von Meyer. 

Sp. Protorotaurus S^pmeri, Von M. — The first fossil Saurian 
on record is that which marks the circumstance by its generic 
uame^ and honours its describer by the specific one. The 

slab of " copiKJr-slate" from the Pemiian beds of Eisenach in 
Thuringia, displaying, either in fossils or impressions, tlie 
skull, vertebral column, and bones of the fore foot of the 
reptile in question, was fif^urcd and described by Spener, a 
physician at Berlin, in 1710.* The original specimen is now 
in the museum of the Boyal College of Surgeons, London, 
where it forms part of the Hunterian series of fossils.! It 
was obtained from a copper-mine near Eisenach, at a depth of 
100 feet from the surface, 

A second specimen, shewing the two fore-limbs, a hind 
limb, and part of the trunk, was described by Link m iTltS.} 
(.'uvier gives copies of portions of two other specimens in his 
O^^cmcm Fossiles.% 

The healthy, honest mind of Spener is shewn by the con^ 
elusions which he formed from the state of preservation of 
his specimen — -''omnia^ enim, minutissima» etiam a|>ophyses, 
spime," etc., — and from its association with equally well- 
preserved remains of fishes, and even of the delicate leaves of 
plants — against the notions of those fossils merely simulating, 

* Mi8c<?l!an*>a BcroHnonsin, 4fo, i., p. 99, ficr^. 24 and 25. 
t ■' Catalogue of Fossil Reptile* and Fishes," 4to, 1864, p. 80, No. 308. 
I Acta Eniditontm, 17 18^ p. 188, pi. il. 
I Ed. Sto, 1836, pi. cexxxvit., fig*. 1 and S. 
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and never having been, the living oiganisms which they 

I e presented — notions which were then advocated under the 
sounding phrase of " plastic force," as they have lately been 
under that of ** pruchi-ouism." Speiier's only doubt was, 
whether the reptile had been a crocodile oi a lizard ; bat he 
inclined to the former view, on account of the propoitionB of 
the head to the trunk. 

The head equals one-third the lei^h of the neck and 
trunk, and resembles in shape a lon^ slender, obtusely 
pointed cone ; it has strong stmight jaws, armed with aub- 
slender, suV>-equal, straip^ht, conical, shaip-poiuted teeth ; about 
18 on each side ol the upper, and IG on each side of the lower 
jaw, iniplantcd in a single close-set series of sockets. A 
small and short atlas is succeeded by six cervical vertebrsB, 
remarkable for their siie and strength, the 4th being almost 
one-third the length of the lower jaw ; the 6th and 7th de- 
crease in 8X26^ and the 8th supports a rib of the thickness of 
those of the trunk. In the preceding neck-vertebne, the 
ribs present the loni,' and slender eharacters of the hone ten- 
dons of the neck muscles, with wldcli they are associated in 
function. Fifteen or sixteen vertebra?, about half the length 
of those of the neck, intervene^ in Spenei^s specimen, be- 
tween the 7th cervical and the sacral vertebrae. The sacrum 
equals four of the crushed vertebra in length ; twenty-one 
caudal vertehisd are preserved; hut linl^s and later ac- 
quired specimens indicate the number to have exceeded forty. 
The neural s])ines of the anterior caudal vertebne are rather 
long, sub-quadrate, truncate; but they gradually ex]>iii 1 
above, and at the 10th caudal a notch a])]iears, M liich, deep- 
ening as the vertebrre recede from the trunk, divides the spine 
into two equal diverging processes, a structure peculiar to the 
Protorosaur. The hiemal arches articulate with the vertebral 
interspaces^ and have longer and more slender spines, simply 
expanded at their end. Both fore and hind limbs arc penta- 
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dBctyle ; the fiist shorter than the last, especially in the fore- 
arm and hand ; both bearing to each other, and to the entire 

l>udy, nearly the i>ro}Miitiuii.s of those of the Monitor lizards, 
but with the hind limbs proiwrtionally loiiger, and the bones 
of both limbs thicker and stronger. Thei-e are eight carpal, 
and six tarsal bones. The digits of the hand present^ from 
the innermost outward, including the metacarpals 4^ 5» ^ 
4, bones, respectively; the digits of the foot include Z, 4^ 5, 
6, 5, bones. 

Of existing reptiles, the large tuniivuruus Varauiaii moni- 
tors (Varanus, llydro^aurvs, e.g.) offer most resemblance U) 
the Frotoromurus ; which had evidently the same powers of 
progression, aa well on land as in water. But this oldest 
known lizard presented a more poweiful and complex frame- 
work. The neck is longer and stronger, the vertebne rivalling 
in proportion those of the Fterodactyles ; the head is rela- 
tively larger, and with more firmly fixed teeth ; the dorsal 
spines are loftier and larger than in inodeni monitors ; the 
larger sacnuii aeeords with the relatively larger and strongur 
liind limbs. The more numerous divei^g processes for the 
attachment of the tail-nmscles bespeak the more vigorous 
actions of that part All the vertebral bodies have sub-con- 
cave articular ends ; and it may be concluded, from tbe length 
and strength of the tail, from the peculiar provision for 
nmscnlar attachments in that part, and from the proportions 
of the hinil Imibs, that the P wtorosaurus was of aquatic habits, 
and that the strength of its neck and head, and the shari>- 
ness of its teeth, enabled it to seize and overcome the ntniggles 
of the active fishes of the waters which deposited the old 
Thnringiau copper-slates. 

At Elgin, in Scotland, in a fine-grained whitish sandstone, 
cemented bv carbonate of lime, situated between • Old Red" 
and *' Purbeek " format ions, and i-cstimr conformably upon the 
former, evidences ot baurnm (Crocodilian and Laceiiian) 
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ivptiU's, clmmrt<^ristic of liiaisijic tune, have been dist'ovei-ed. 
The n iiiiiiiis of Uie. iiuge reptile, with pitted bony dermal 
scales, Lad been, OH their iint discoveiy, referred to a genus 
of fishes by Agassiz* under the name of Sta^fonol^nsp or "pitted- 
scale," probably from the belief that the formation belonged 
to the **0M Red System." I determined the crocodilian 
natiu'e of the scales, and the affinity of the reptile to the 
Thecodonts, in the breadth of the coi';ic(ji<l <>r pubis as shewn 
by the cast of the bone, at the iiuctiiig of the iiritish Associa- 
tion at Leeds, in St jitcmber 1858. I have since been favoured 
by Mr. P. Dufii^ of Elgin, with a tooth. It is thecodont " in 
character, like that of Cladyoden, and is associated with scales 
of 8tagonoUpi$ : which, by the conflaence of the pits into 
irregular channels, radiating towaids the mai^giu, present a 
labyriiithoduut character. 

In tho same sandstone, in the qnarn^ at Cuniniingstunc. 
uear Klgin, a continuous series of thirty-lour footrprintB have 
been observed. The impressions are in pairs, forming two 
parallel iow8> the hind one being one inch in diameter. 

I had some years before determined the true saurian 
nature of the impression of the skeleton of the trunk and part 
of the head of a small reptile discovered by Mr. iJuff at 
Spyuie, and noticed by hiiii in the **EI]L,nn Cuumnt" of 
Octol>er 10th, 1851, as evidence of an aii"-breatliing vertebrate 
iu ^'Old Red Sandstone." Tlie specimen was submitted by 
Mr. DoiT to my examination, the result of which was given, 
December 15, 1851, in the " literaiy Gazette " of that week, 
as follows : — 

•* It is the impression, in two pieces, of a grey variety of 
the old red sandstone, of a h>u^r and sknder foui^footed 
veitcbiate animal, l'<nir iiu ln's and a lialf in length, clearly 
belougiug, by the foriu, proportions, and positions ot tlte 
scapular and pelvic arches, and their apy><'nded limbs, to the 
iieptilian cIash. The o^eous substance has disappeared ; the 
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cavities in the sandstone which contained it remain, stained 
by a deposit of an ochteous tint The impressions are so well 

defined, as clearly to shew that there were twenty-six verte- 
hne between the skull and saennii, two sacral vertebne, and 
thirteen caudal veitebiiu, before the tail disappears by dipping 
into an unexposed part of the matrix. Impressions of 
twenty-one pairs of ribs are preserved, all very slender^ short 
where they commence near the head, but rapidly gaining 
length as they are placed farther hock. The cervical and 
anterior ribs are expanded, but not bifnitsate, at their vertebral 
end ; all llie ril)s articulate close totlie bodies of the vcrtehra\ 
In the crocodilian reptiles the anterior ribs are bifurcate, and 
the posterior ones, with a simple head, articulate with long 
diapophyses. Tho distinctive characters of the batiachian 
skeleton are the double occipital condyle ; ribs wanting, or 
very short and subequal ; a single sacral vertebra, and rib- 
shaped ilium. The first character cannot be detennined, the 
occipital articulation not being preserved in the fiissiL Instead 
of the second character, the tossil shews ribs of varied length, 
and most of them much longer than in the salamanders, nc\s ts, 
or any known Batrachian. With regard to the third character, 
the impression in the matrix clearly shews two sacral vertebras 
and a short aubquadiate pelvis. 

''Both the humerus and the femur shew the laoertian 
sigmoid shape^ and near equality of length, which distingaish 
them alike from the crocodilian and batrachian orders ; they 
are likewise, as in lizards, relatively longer than in the newts 
and salamanders. Near the imperfect impression of the head 
may be seen the hollow bases of some large, slightly-rom- 
pressed, conical teeth, which also tell for the saurian and 
against the batrachian nature of this ancient reptile. I propose 
to call it Lt^itopleunm laeertinum.* Many particulars of minor 
import, bearing upon the more immediate affinities of this 

• IjbfiWt titmder; plearon, rib. 
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most rare and lut* ifstin^r fossil, liavc heeii note*!, and will be 
given, with the ti^'uru^, iu my Hiatory oi British Fossil Keptiles, 
for which work Mr. Duff has kindly consented to place the 
specitneD at my dIsposaL In the meanwhile^ I beg to offer 
the above prietB of the main characters of the fossiL — Bichabd 
Owen." 

Other Palaontologists regarded the fossil as a batrachian 
reptilo ; but uo evidence, osteological or dental, has lieen 
pointed out m support of this view. 

"With regard to the geological age of the matrix, the author 
has remarked, in the article Pakeontology/ vhere the belief 
of some eminent geologistB on the Devonian age of the stiatum 
18 quoted—* As yet, however, no chaiacteriatic Devonian or 
' 0!d Bed' fofliiU of any claaa have been discovered assoGlated 
Willi the foregoing evidences of reptiles, which, accrnding to 
the dek'rmination ot sinita by characteristic fossils, wouM 
belong to the secondaiy or mezozoic period."* The sum of 
anbeeqnent evidence* including Rkyndumurns with Lepto- 
pUurm and StagoncUpu, testifies to the triassic age of the 
sandstones In question. 

Order VIIL — Dwosauria, 

Char. — C'ervical and anterior dorsal vertebra' with par- nm\ 
di-apophyses, articulating with bifurcate ribs ; dorsal 
vertebne with a neural platform, sacral vertebrae ex- 
ceedii^ two in number ; body supported on four strong 
ungnicnlate limbs. 

The well-ossified vertebne, lat^ and hollow limb-bones, 

and tritrochanterian femora of the thecodont reptiles oi' the 
Brintoi conglomerate, together with the structure of the sacral 
vertebne in the allied Btlodon, indicate the beginnings at the 
• Enejekipndift Br{tMUltea^ vdl. zzH^ p. 180. 
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tiiassie period, of an order of Rejitilia wlm li actjuiiLil it.s 
full development aud typical cbaracteristics in the oolitic 
period. 

Gemis ScELTnosM iu s, Ow.^The earliest evidence of a 
trae DinoBaur is that on which the present genus vas founded : 
it consists of the laigest proportion of the skeleton hitherto 
obtained of any terrestrial herbivorous reptile; These inter- 
est! n^^^ remains were discovered by John Harrison, Esq. of 
Chill iiiouth, in the upper member of the lower lias on that 
part of the Dursetshiiv < oa.st. Tlu' ( raniuui slipw.s the laeer- 
tian T-shaped i>arirtal, short and wide tempoiul fossa*, and 
orbits bounded above by post-frontal, super-orbital, and pre- 
frontal bones^ the mid-fo>ntal8 being excluded from the orbital 
boundary. The malar and squamosal form a strong zygo- 
matic arch below, and distinct from that fonned by the post- 
frontal and mastoid. Both u]>|k r and lower jawsare traversed 
by a lon.iritudinal rid^fc, from wiiit li tlie alv(*iilar plates bend 
inward.s its they approach each other. Tlu' u]>i«'r tcctli pass 
outside the under teetli when the mouth is closed. They are 
8ul>-equal, and implant^>d in ulose-sct sockets, so that the ex- 
panded crowns slightly overlap each other. In Seelidosaurm 
the crown diminishes in thickness to the apex» but gains in 
breadth along its basal balf» when the maigins oonveige 
stniight to the pointed apex ; these margins are serrate, the 
basal denticle beinp the largest. The fenmr is long, "with a 
wide niodullarv cavity, and the third inner trochanter, l^th 
tibia and fibula articulate with the condyles at the knee- 
joint There are four digits to the hind foot, with broad, de- 
pressed, obtuse claw-bones ; the number of bones, including 
the metatarsal, in each toe, is respectively, 3, 4^ 5, 6 ; the fifth 
or outermost toe is reduced to a rudiment of the metatarsal 

Cfenm iSxGAumxjWi, Bkld.— The true dinosaurian cha- 
racters of this reptile have been established by the discovery 
of the sacrum, which consists of five vertijbr.e, iuU'rlocketl l»v 
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the altematiug jM)sition of ueural ai*ch and centnini. Tin* 
articular surfaces of the free v^^rtcbne are nearly flat ; the 
nettral arch develops a platform which in the anterior dorsals 
aupports veiy long and strong spines. 

The compressed piercmg and trenchant form of tooth 
which characterizes the exiBting varanian lizards was mani- 
fested by the Meffalomurtis, Tlie specimen wliicli is most 
illustrative of tlie dental i»fruliarities of tliis gi^raiitic n ptile 
is a portion of the lower jaw with a few teeth, from the oulitic 
slate of Stonesfield, Oxfordshire. The first character which 
attracts attentbn in this fossil is the inequality in the height 
of the outer and inner alveolar walls ; a similar inequality 
characterizes the jaws of almost all the existing lizards. But 
in these the oblique groove, so lx)unded, to which the bases of 
the developed teeth are anehylosod, is niucii more shallow, and 
is relatively wider ; and the teeth in all the stages of growth 
are completely exposed when the gum has been removed. 

In the Megaloeaunu the greater relative development of 
the inner alveolar wall, as compared with the dentigerous part 
of the jaw in existing Saurians, deepens the dental groove, and 
covers a greater proportion of the hases of tlie teeth, besides 
concealing moi-e or less completely the germs of their sur<'es- 
snis. Moreover, instead of the mere .shallow impressions uj»uii 
the inner side of the outer alvef>lar plate to which the teeth 
are attached in modern lizards^ there are distinct sockets 
formed by bony partitions connecting the outer with the inner 
alveolar wall in the jaw of the M^ialosaurus. These parti- 
tions rise from the outer side of the inner alveolar wall in the 
form of triangular vertical plates of bone, and from the middle 
of the outer side of cat h plate a bony jiaitition crossi s to the 
out^r pampet, couipleting the alvruli of tlic t'uliy-formed or 
moi'e advanced teeth ; the series of triangular plates fonning 
a kind of zig-zag buttress along tlie inner side of those alveolL 
The outer parapet rises an inch higher than the inner one. 
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Fig. 08 exliibits a portion of another jaw of the Mcjfalu 




Fig. 98. 

SecHon of jaw with teeth of the Merfniotiannm TiiirkUiHtli, nat. ki/.o. 
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saim(^y also from Stoiiessfield oolitr, troui ^vhich the inner wall 
has been removed to shew the germ of a successional tooth c, 
about to mcceed an old tooth a, which has been broken, and 
near to which la a newly-fonned tooth b, ooming into placa 
These teeth will exempUfy the shape of the down of the tooUi, 
which is subcompressed, slightly lecurved, sharp edged, and 
sharp pointed, the edges being niinutely .serrated ; the edge 
upon the convex or fi-out border b beeoiiies bluntt.'d as it 
descends about two-thirds of the way towards the base uf the 
tooth ; that upon the concave hinder border a is continued to 
the base. The lower half <^ the crown is thicker towards the 
fore maigin than towards the hind one ; so that a transTeiae 
section* like that above in % 98^ gives a narrow oval form 
pointed behind. The crown is covered by a smooth and 
polished enamel, wliicli wliolly forms the mnrc'inal serrations. 
The base of the toolh is coaled with a si!iii(»ili, liglit-coloured 
cement, forming a thin layer, and lK*coniiiig a little thicker 
towards the imphmted end of the tooth. The main body of 
the tooth consists of dentine^ of that hard unvascular kind of 
which the same part of the teeth of existing crocodiles and 
most mammals is composed. The remains of the pulp are 
converted into osteo-dentine in the basal part of the com- 
pletely luuiit d i<K>ih. Modt-mtely magnified, the surface of 
the enamel presents a linely wrinkled appearance. The 
mai^nal serrations shew, under a somewhat higher power, 
that the points are directed towards the apex of the tooth — 
a structure well adapted for dividing the tough tissues of the 
sanrian integument 

A series of teeth from individual Megalosaurs, of different 
ages, arc prrsm-ed in the British Museum and in the geolo- 
gical niiisi'uui at ( ixlurd ; although differiuf? in size, they 
preserve the characteristic form above described. In one 
s] f ' imen the point of the crown and the treucbant margins 
have been rubbed down to a smooth obtuse surface ; it seems 

V 
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to have come from the hinder part of the dental series, where 

the teeth mny have been smaller and less sharp, or more 
liable to Ik- bluiiltd by a greater sham in the imperfect act of 
masticatiou, than the teeth in advance. 

Suocessional teeth in different stages of growth are shewn 
in the original portion of jaw of the Megalosaur in tlie Oxford 
museum. Some, moie advanced, shew their crowns projecting 
from alveoli already formed by the plates extending across 
fi-om the triangular processes before described : vacant sockets, 
fn>m which iully-fonned teeth lia\'e escaped, occur, i^cnerally 
in the intervals between these more advanced teeth. The 
summits of les? developed teeth are seen protruding at the 
inner side of the basal interspaces of the triangular platen 
between them and the true internal alveolar paiapet In 
the course of the development of these teeth, corresponding 
changes take place in the jaw itsdf, by which new triangular 
plates and alveohir partitions are fornied, jus the old ones 
become ahsorlied ; analogous to thobe concomitant changes 
in the growth and form of the teeth, alveoli, and jaws, 
which take place in so striking a degree in the elephant 
The peculiarity of the M^alosaur, as compared with the 
crocodiles and lizards, which have a like endless succession of 
teeth, is the deeper position of the successional tooth (fig. 98, 
c), in relation to the one («) it is destined to replace, and the 
great proportion of the tooth which is formed before it is pi-o- 
truded. The anterior tooth a in this specimen shews at the 
inner side of its base the commencing absorption stimulated 
by the encroaching capsule of the sucoesaional tooth e below, 
the crown of which is completed extemaUy, though not con- 
solidated. On one of the fractured margins of this piece of jaw, 
a part of the basal shell of an absorbed and shed tooth remains, 
witli part of the root of the siiccessional tootli, whicli has risen 
into ])la( e, but w hich shews its base full of matrix, the pulp 
nut having been calcified at that period of the tooth's growth. 




Digitized by Google 



DIN08AUK1A. 



291 



In the pro[jortion of the successional teeth which is formed 
in the formative cavity in tlic substance of tliu jaw, tlic Mc^^a- 
losaur otfers a closer resemblance to tlie nianniialiiui class 
than do any of tlie recent or extinct crocodilian or lacertiau 
leptiles. But the evidence of uninterrupted and frequent 
succession of the teeth in the M^galosaur is unequivocal; 
and this part of the dental economy of the great catnivoioas 
reptile is strictly analogous to that which governs the same 
system in the existing members of the class. The different 
forms of the teeth at different stages of protmsion did not lull 
to attract the att-ention of the gifted discoverer of the gi"eat 
predator} saurian, in wliose words this notice of its dentition 
may be fitly concluded : — 

** In the structure of these teeth we find a combination of 
mechanical contrivances analogous to those wldch are adopted 
in the construction of the knife, the sabre^ and the saw. When 
first protruded above the gum, tlie apex of each tooth presented 
a double cutting edge of serrated enamel. In this stage its 
position and line of action were nearly vertical ; and its form, 
like that of the two-edged point of a sabre, cutting equally on 
each side. As the tooth advanced in growth, it became curved 
backwards in the form of a pmning^knife^ and the edge of 
senated enamel was continued downwards to the base of the 
inner and cutting side of the tooth, whilst on the outer side a 
similar edge descended, but a short distance from the point ; 
and the convex portion of the tooth became blunt and thick, 
as the back of a knife is made thick for the pui-pose of pro- 
ducing strengtli. The strength of the tooth was farther in- 
creased by tiie expansion of its side. Had the serrature 
continued along the whole of the blunt and convex portion of 
the toothy it would in this position have possessed no useful 
cutting power ; it ceased precisely at the point beyond which 
it could no longer be eflective. In a tooth thus formed for 
cutting along its concave edge, each movement of the jaw 
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combined the power of the knife and saw ; wliilst the apex, 
in making the first incision, acted like the two-edged point of 
a sabre. The backward curvature of the full-grown teeth 
enabled them to retain, like barbs, the prey which they had 
penetrated. In these adaptations we see contrivances which 
human ingenuity has also adopted in the preparation of 
various instruments of art"* 

The oldest known beds from which any remains of Megalo- 
fuiuruB have been obtained are at the lower oolites at Selsby 
nill, and Chipping-Norton, Gloucestershire. Abundant and 
characteristic remains occur in the Stonesfield slate, Oxford- 
shire. Teeth of this genus have been found in the Conibrash 
and Bath oolite ; both teeth and bones are common in the 
Wealden strata and Purbeck limestone. Some of these fossils 
indicate a reptile of at least 30 feet in length. 

Genus HvLiEOSAURUS, MtlL — Remains of the Dinosaurian 
so called have hitherto been found only in Wealden strata, as 
at Tilgate, Bolncy, and Tiattle. Tlie most instnictive evidence 




Fig. 99. 
ITylrrotaxtrut (Wealden). 



is that which was exposed by the quanymen of the Wealden 
stone at Tilgate, and was obtained and described by Mautell 

* Uuckland, " Bridgcwuter Treatise, p. 236. 
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in . 1882. It consisted of a bloek of stone measuring i| feet 
by ^ feet (fig. 99), and indnded the fbUowiug parts of the 
skeleton in almost natnral juxtaposition : — to^ anterior verte- 

bne, tlie first siip[)oiting part of the base of the skull : several 
ribs, 4,4; some enormous dermal bony spines, 5,6,6, which 
supported a strong defensive crest along the back ; two cora- 
ooida, T, 7 ; scapulae, t ; and some detached vertebisa and 
fragments of bones. In 1841 the writer shewed that the 
sacmm was dinosaurian, and inchided five Tertebne. 

The teeth are relatirely small, close-set, thecodont in im- 
plantiitioii, with a subcylindrical lang and a subcompressed 
slightly expanded and incurved crown, with the bordei-s of 
the apical half straight and oonveiging to the blunt ape:c, 
but not senate as in ScdidotauruA, They indicate rather a 
mixed or viqgefcable diet than a csmivorous one. The skin 
was defended by sabcircular bony scales. The length of the 
Hykeosaur may haye been 25 feet 

Oenvs Iguanodon, MtlL — Remains of the large herbivor- 
ous reptiles ot^ this genus have been found in Wealden and 
neocumian (greensand) strata, P\'niora, four feet in k*n<;th, 
shewing the third inner trochanter, have been discovered. 
The sacrum included five, and in old animals six, vertebne ; 
the daw-bones are broad, flat» and obtuse. There were only 
three wellrdevebped toes on the hind foot ; and singular laige 
tridactyle impressums in the Wealden at Hastings, have been 
conjectured to hav(! been made by the Iguanodon. 

With vertebras siil)cunvex anteriorly in the neck, but 
along the rest of the trunk subcotujavti at both articular 
extremities ; having, in the dorsal region, lofty and expanded 
neural arches, and doubly articulated ribs» and chamcterisad 
in the sactal region by their unusual number and complica- 
tion of structure; with a lacertian pectoral arch, and 
unusually large bones of the hind limbs, excavated by large 
medullary cavities, and adapted for terrestrial progression — 



Digitized by Google 



294 



I'ALyE0NT0LOi;Y. 



the lijuaiwilon was distiugiiislieil by teeth, resembling in 
sliape those of the Iguana, but more so those of Scelulosaunis, 
yet in stnicture difl'ering from the teeth of tliat and everj' 
other known reptile, and unequivocally indicating the former 
existence iii the Dinosaurian order of a gigantic representative 
of the small group of living lizards which subsist on vegetable 
substances. 

Tlie impoitant difference which the fossil teeth presented 
in the fonn of their grinding surface was pointed out by 
Cuvier,* of whose description Dr. Mantell adopted a con- 
densed view in his Illustrations of the Geology of Sussex, 
4to, 1827, p. 72. The combination of this dental distinction 
with the vertebral and costal charactei's, which prove the 
Tffuanod^m not to have belonged to the same group of Sauriaus 
as that which includes the Iguana iind other modern lizards. 



Front and side views of a tooth of the lower jaw SCriptiOD of the teeth 
ofthelguanodon, nat. «ize. reptiles,! from 

which the following notice is abridged : — The teeth of the 
Iffuanodon (fig. 100), though resembling most closely those of 
the Iguana, do not present an exact magnified image of them, 

* Oiiscmons FosxIIcr, 1824, vol. v., pt. ii., p. 351. 
t Odoutograph)-, pt. ii., p. 249 ; Transactions of the British Association, 1^38. 




Fig. 100. 



rendered it highly 
desirable to ascer- 
tain by the improved 
modes of investigat- 
ing dental structure, 
the actual amount of 
correspondence be- 
tween the Iguaniodon 
and Iguana in this 
i-espect. This has 
been done in the 
author's general dc- 
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but differ in the greater relative thickness of the crown, its 
more complicated external surface^ and, still more essentially, 
in a modification of the internal strnctnrts by which the 

It/uaiwdoiL LMjUiilly deviates from every other known reptile. 

As in the Igiuuhi, the base of the tooth is eh)nf(atccl and 
contracted ; the crown expanded and maiginuily notched ; 
when first formed it is acuminated, compressed, its sloping 
sides seirated, and one sur&ce, extenial in the upper jaw, 
intenial in the lower jaw, is traversed by a median longi- 
tudinal ridge^ and coated by a layer of enamel ; but beyond 
this point the description of the tooth of the Jgwmodon 
indicates cliaractors peculiar to that genus. The median 
ridge is most jjroduced in tlie twtli of the upper jaw, and 
on each side of it, in both upper and lower teeth, are 
one or two lower ridges; these are separated from each 
other and from the serrated maigins of the crown by wide 
and smooth longitudinal grooves. The maiginal senationa 
which, at first sight, appear to be simple notches, 
as in the Iguana, present under a low magnify- 
ing power (fig. 101), the form of transverse 
ridges, tliemselves notched, so as to resemble 
the mammilatr(l tiuuirins of tlie unworn plates 
of the elephant's grinder. Tlie base of the loi. 
crown soon contracts to a round, bent^ smooth Marginal ndg. h 
&ng. These did not merely adhere to the inner tiwlgnuum^ 
side of the alveolar pan^l^ as in the Iguana, ^ 
but were placed in separate alveoli; such support being 
indispensable to teeth so used and worn by mastication as 
those of the Ljuanodcm. 

The apex of the tooth soon begins to be worn away, and 
it would appear, by many specimens, that the teeth were re- 
tained until nearly the whole of the crown had yielded to 
the daily abrasion. In these teeth, however, the deep excava- 
tion of the remaining fang plainly bespeaks the progress of 
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the sacoeasional tooth prepared to supply the place of the 
worn-out grinder. At the earlier stages of abrasion a sharp 
edge is maintained at Uie lidged part of the tooth by means 
of the enamel which coyers that surface of the crown ; the 

prominent ridges upon tliat surface give a sinuous contour to 
the middle uf the cutting edge, wiidiit it» sides are jagged by 
the lateral serrationa 

When the crown is worn away beyond the enamel, it pre- 
sents a broad and nearly horia>ntal grinding surface (fig. 102), 
and now another dental auhstanoe is brought into uae^ to give 
an inequality to that surfiioe ; this is the ossified remnant of 
the pulp, which, being firmer than the surronnding dentine, 
forms a slight transvei-se ridge in the middle of the griudiug 
suii'ace ; the twlh in this stage has exchanged 
the functions of an incisor for tiiat of a molar, 
and is prepared to give the final compression, or 
comminution, to the eoazsely divided vegetable 
matters. The marginal edge of the incisive con- 
dition of the tooth and the median ridge of the 
A worn tooth of molar stage are more effectually established by 
thelguMiodoii. introduction of a modification into the texture 
of the dentine^ by which it is rendered softer than in the ex- 
isting Tguanre and other reptiles, and more easily worn away. 
This is effected by an anest of the calcifying process along 
certain cylindrical tracts of the pulp^ which is thus ooifc- 
tinned, in the form of medullaiy canals, analogous to those in 
the soft dentine of the Megatherium's grinder, from the central 
cavit>'", at pretty regular intervals, parallel with the dentinal 
tubea, neiirly to the surface of the tooth. The medullary canals 
radiate fn>m the internal (upper jaw) or external (lower jaw) 
sides of the pulpnsavity, and are confined to the dentine form- 
ing the corresponding walls of the tooth. This modification 
must contribute in producing that inequalily of texture and 
of density which the broad and thick tooth of the Iffwinodan 
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teqniied as a triturating instniment The enamel ooven 

only the harder dentine, forming the ridged side of the 
tooth. The ;iila[ taMon of this admirable dental instrument 
to the cropping and comnimution of sucii tough vegetable 
food as the Claihraricc and similar plants, which are found 
buried with the Iffuanodon, is pointed out by Br. Buckland, 
with his usual felicily of illustration, in his Bridgewater 
Treatise^ toL pw 240. 

But the microsoopical escamination of the straeture of the 

hjna iwdonti teeth has cuiitribut-ed additional evidence of the 
perfection of their adaptation to the offices to which their 
more obvious characters had indicated them to have been 
destined. 

To preserve a ttcnchant edge^ a partial coating of enamel 
is applied ; and» that the thick body of the tooth might be 
worn away in a more regularly oblique plane, the dentine is 

rendered softer as it recedes from the enamelled edge, by the 
simple conti-ivniiro l i n rcvsting the caJcif}dng process along 
certain ti-acts ot the opposite wall of the tooth. WTien attri- 
tion has at length exhausted the enamel, and the tooth is 
limited to its function as a grinder, a third substance has been 
prepared in the ossified remnant of the pulp to add to the 
efficiency of the dental instrument in its final capacity, iknd 
if the following reflections were natural and just, after a re- 
view of the extei iial characters of the denUil oi-gans oi I lie 
IgtmnfHirm^ their truth and lieauty become ptill more manifest 
as our knowledge of their subject becomes more particular 
and exact: — 

\^ "In this erniooB piece of animal mechanism we find a 
^varied adjustment of all parts and proportions of the tooth to 
the* exercise of peculiar fmietionSt att^ded by compensations 

adapted to shifting conditions of the instrument daring dif- 
ferent stages of its consuniption. And we must estimate the 
works of nature by a different standard fix)m that which we 
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apply to the productions of human ait, il^ we can view such 
examples of mechanical contrivance, united with so much 
economy of expenditure^ and with such anticipated adaptsr 
tions to varying conditions In their application, without feel- 
ing a profound conviction that all this adjustment has resulted 
from desi^^ii and hijjli intelligence" 

Besides the variuu.s localities of the Wealden strata in 
England and Germany, remains of the Iguanodon have been 
found in the Upper Greensand near Cambridge and near 
Maidstone. 

All trace of dinosaurian reptiles disappears in the cre- 
taceous series. 

Order IX. — Chocodilia. 

C%ar.— Teeth in a single row, implanted in distinct sockets ; 
external nostril single and tenuinal or sub-terminaL 
Anterior trunk vertebne with par- and di-aix^pliyses, 
and bifurcate ribs ; sacral vei-tebra? two, each su])porting 
its own neural arch : this arch usually articulated by 
suture. Skin protected by bony, usually pitted, plates. 

The extinct reptiles of this order have given evidence of 

its nature and extent, of which the few surviving forms 
atfortlfd iiti sus))ici«)U. Xo less than thi-eewell nuuked modi- 
fications oi' tliu vertebral joints of the back-bone have been 
recognized in the great series of Crocodilian reptiles, now 
embraced in a view which goes back to the b^guining of the 
mezosoic period. 

In one family both articttlar suxiaoea, a and A, of the cen- 
trum or vertebral hody are concave^ as indicated by the dotted 
lines in fig. 103, i ; and the term * amphicoelia,* meaning 
cupped Jit both ends * expresses this character. In a second 
family the front surface (/7'. i. a) is convex, the hind one, 
concave : this modiiication is expressed by the term ' opistho- 
* JmpA^ both \ koUot, hollinr ; tiiA vertebra being hollowed at bolh einls. 
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ccelia/ ca]^^ behind.* In a tbiid fiimily the fiont surface 
(ib, 3> a) is ooncaye, the hind one convex ; this character is 

expressed by the term *proco^lia,' cupped in front, f All 
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I. TdeoMQUM VreviitMbw, Ow. ^ Qqw Xloi, Wliitbj. 

*. ^reptospondylus Cuvieri, V. M. ; Upptr OolUtt Honflenr. 

3. CrocodiliiH toliapicus, Ciiv. ; Eocene, Sheppy. 

4. DoUchosaurus longicuUiH, Ow. ; Chalk, Sussex. 

5. Pakeophis toliapicus, Ow. ; Eocene^ Sboppj. 

6. l4M>phis Cfotal^dm, Ow.; TfufHam^ Salonie*. 

existing and tertiary crocodiliaiis an* i)roc(i lian. The zj'ga- 
pophysis, z, by the upward or inwaixl aspect of its articular 
suifEuse^ nuirks the fore part of the vertebra. 

Sub-Order 1. — AHPmoauA. 

Ciocodilea closdy resembling in general fonn the long 
and slender-jawed kind of the Ganges called ^'gavial* or 

"gharrial" existed from the time of the deposition of the 

lower lias. 

Their teeth were similarly long, slender, and sharp, adapted 

* Opittkimt behtnd; hAot, hoUov ; Tertelm ooDoava behind, eoavw or flat 

in front. 

t Pro$t front ; koUo»t boUow ; vertebra with the cup at the fure part and the 
baU behind. 
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for the prehenaiou of fishes ; fmd their skeietoa was modified 
for more efficient prpgiess in water by the vertelneal sntfaces 
heing slightiy concave^ by the hind limbs being tebtively 
larger and stronger, and by the oibits forming no prominent 

obstruction to progress through water. From the nature of 
tlie deposits containing the remains of the so-niodified cro- 
codiles, they were marine. The fossil crocodile from the 
Whitby lias, described and figoxed in the Philosox)hical Trans- 
actions^ 1758^ 688, is the type of these amphiccelian species. 
They haye been giouped nnder many generic heads: — €,gn 
Tekosaum/tt Steneosaumis, Mi/striosaurus, Dakosatmu, Macrth 
spondf/liiSy Massospondylus, Pajcilo/'leurony Pelagosaurus^ jEoIo- 
doiiy SuchosauruSy GoniopJiolis, etc, and tiiey range from the 
lias to the chalk inclusive. 

Suchosaurm of the Wcalden is characterized by the com- 
pressed crown and trenchant margins of the teeth ; Oonio- 
fholU, of the Pnrbeck bed^ by some of the dermal scales 
having the same peg-and-pit interlocking as in the scales of 
the ganoid fish in fig. 71. 

Sub-Order 2. — Opisthoccelia. 

The small group of Crocodilia so called is an artificial oue» 
based upon more or less of the anterior trunk vertebrre being 
united by ball-andnaocket joint8» but haying the ball in fronl^ 
instead o( as in modem crocodiles* behind. Guvier first 
pointed out this peculiarity* in a Crocodilian from the Ox- 
fordian beds at Honfleur, and the Kimmeridgian at Havre. 
Tlie writer has described similar opisthoccelian vertebra' (vom 
the great oolite at Chipping Norton, from the upper lias of 
Whitby, and, but of much larger size, from the Wealden for- 
mations of Sussex and the Jsle of Wight These specimens 
probably belong to the fore part of the same yertobral column 
as the middle dorsal vertebras, flat at the fore parl^ and 

* Annales du Mae^um, torn, xii., p. 88, pla. x., xi. 
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slightly hollow btiliuid, on which is founded the genus 
Cetiosauinis* The gmallcr opisthocoelian yertebise described 
by Cuyier have been leferxed by Yen Meyer to a geniu called 

In one species horn the Wealden, doisal yertebne measnnng 

8 inches across are only 4 inches in length, and candal veite- 
bne nearly 7 inches across are less than fonr inclie^ m length. 
These characterize tlie species called i 'liv-iavrns hrevi8.f 

Caudal vertebra) measuring 7 inches across and 5^ inches 
in length, from the lower oolite at Chipping Norton, and the 
gteat oolite at Eostonef represent the species called (ktiosaiwrus 

Candal vertebrse fiom the Portland stone at Gaisington, 

Oxfordshire, measuring 7 inches 9 lines across and 7 inches in 
length, are referred to the Ciliomurus lonfjus. The latter must 
have been the most gigantic and whale-like of Crocodilians. 

Dentitum of Crocodiles. — The teeth of both the existing 
end extinct crocodilian reptiles consist of a body of compact 
dentine^ fonning a crown covered by a coat of enamel, and a 
root mvested by a moderately thick layer of cement The 
root slightly enlai^es or maintains the same breadth to its 
Ijase (fig. 105, «), which is deeply exca\ itiLd l)y a conical |tulp- 
cavity extending into the crown, and is coinnioniy either per- 
forated or notched at its concave or iinier side. 

The tooth-getm e (figs. 104 and 105) is developed from 
the membrane covering the angle between the floor and the 
inner wall of the socket The malzix of the yonng growing 
tooth affects* by its pressure^ the inner wall of the socket, 
and forms for itself a shallow recess? ; at the same time it 
attacks the side of the base of the containt d t^joth ; then, gain- 
ing a more extensive attachment by its basis and mcreased 

' '• Keport on Britif<li Fcwsil Reptileti," Trans. Brit. Ap^->c. for tR41, p. 96. 

t They have since been referred to the dino^mrian ordf-r un'I(>r the riAmf of 
Pelorotaunu, but without any evidence of the true aacrtU charactcrt of that 
order; tiM mntiM of long boDM «« vmmm to CrocodiUuo ud IKnoMtm. 
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Size, it iH'iiutraU'S tlio large ])ul}>-cavity of the previously 
formed tooth either V)y a circular or semicircular perforation. 
The size of the perfoiation in the tootli, aud of the depression 
in the jaw, proves them to have been in great part cauaed by 
the soft matrix, which most have produced its effect by ezcitiiig 
absorbent action, and not by mere mechanical force. The 
resistance of the wall of the pulp-cavity having been thna 
overcome, the growing tooth and its matrix recede from the 
temporary alveolar depression, and sink into the substance 

of the pulp cuutained in the 
cavity of the fully-formed tooth. 

As the new tooth growa^ 
the pnlp of the old one is re- 
moved ; the old tooth itself is 
next attacked, and the crown, 
being undermined by the ab- 
sorption of the inner surface of 
its base, may be broken off by 
a slight external force, when 
the point of the new tooth is 
exposed. The new tooth dis- 
emhanasses itself of the cylin- 
drical base of its predecessor 
(fig. 104, a) with which it is 
sheathed, by maintaining the excitement of the absorbent 
process so long as the cement of the old fang retains any vital 
connection with the periosteum of the socket ; but the frail 
remains of the old cylinder, thus reduced, are sometimes lifted 
out of the socket upon the crown of the new tooth (as in fig. 
104, a), when they are speedily removed by the action of the 
jaws. No sooner has the young tooth (fig. 105, h) penefcrftted the 
interior of the old one (fig. 105, a) than another germ c, begins 
to be developed in the same relative position as that in which 
its predecessor began to rise, and tlie processes of succession 
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and displacement aiv carri('<l on uimitemiptedly throughout 
the loDg life of these cold-hlooded carnivorous teptilea. 

i^m the period of exclusion ftom the egg, the teeth of 
the crocodile succeed each other in the vertical direction ; none 
are added from behind forwards like the true molars in Mam- 
malia. It follows, therefore, that the number of the teeth of 
the crocodile is as grcdt wlien it first sees the li^ht as when it 
has acquired iU full size ; and, owing to the rapidity of their 
succession, the cavity at the base of the fiilly-formed tooth is 
never consolidated. 

In most of the extinct species of Crocodiliana the teeth are 
characterized by more numerous and strongly developed longi- 
tudinal ridges upon the enamelled crown, than in the recent 
species ; and they are commonly longer, niuie slender, and 
sharp-jK)iiited. I'm in one of the cmmdiles with j>ul>-biconcave 
\'ertebne (Gmioplwiis crassiden^), from the Wealden formation 
and Purbeck limestone, the teeth have crowns which arc as 
round and as thick in proportion to their length as in the 
recent crocodiles or alligators. 

The more ancient crocodiles* ftom the Oolite and lias, 
called Stmetmauri and TeUomnri, had jaws like those of the 
modem gavials, V)ut sometimes longer and niori' attenuated, and 
armed with more nmiierous, equal, and slender teeth, adapted 
for the capture of fishes, which appear to have been the oidy 
other vertebrate animals exiating at those periods in numbers 
sufficient to yield subsistence to carnivorous marine Saurians. 

In all tiie TeUotmri the teeth are more slender, less com- 
pressed, and shar}K r pointed than in the gavial; they are 
slightly recurved, and the enamelled crown is traversed by 
more numerous and better defined ridges — two of whicli, on 
opposite sides of the crown, are larger and mon^ vlt vated than 
the rest The fang is smooth and cylindrical The teeth of 
the SUiMomiuTi, or extinct crocodiles with long and slender 
jaws but with subterminal nostrils, differ from those of the 



Digitized by Google 



304 



PAL^NTOLOGY. 



Tdcosauri iu beiiif^ somewhat tliicker in proportion to their 
length, and larger in proportion to the jaws. 

The fossil jaws of the extinct Crocodilians demoiistiiite 
that the same law regulated the sucoeasion of the teeth at the 
ancient epochs when those highly-oiganised reptiles pmailed 
in greatest mimben^ and nnder the most varied generic and 
specific modifications, as at the present period, when they are 
reduced to a single family composed of so few and slightly 
varied species as to have constituted in the system of Liuua;us 
a small fraction of the genus Lacerla. 

The large, thiclc, externally ridged or pitted scutes, though 
common to the Crocodilian order, are not peculiar to them. 
The labyrinthodont Rhamboj^koUs^ and the thecodont Stagono- 
U^pis, have left similar petrified scutes. 

8ub-0rder 3. — ^Pbooooja. 

All existing Crocodilians an- piocfelian. The best and 
most readily recognizable characters Ijy which they are 
grouped in appropriate genera are derived from modifications 
of the dental ^tem. 

In the caimans (genua AUigcUor) the teeth vary in number 
from ]^Jg to ; Uie fourth tooth of the lower jaw or canine, 
is rectived into a cavity of the palatal surface of the upper jRw% 
where it is concealed wlien the mouth is shut ; in old iiidi- 
viduals tlie u]»])er jaw is perforated by these lai^e inferior 
canines, and the fossic are converted into foramina. 

In the true crocodiles (genus Crocodilud) the first tooth in 
the lower jaw perfoiates the palatal process of the intermaxil- 
lary bone when the mouth is dosed ; the fouith tooth in the 
lower jaw is received inta a noieh excavated in the side of the 
ah eolar boidi r of the upper jaw, and is visible externally 
when the mouth is closed. 

• " Laibyrumiodom MtlMiotet," Tnuis. G«ol. Soe., 2d aeriei, vol. p. 636, 
pi. 46. 
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In the two preceding genera the alveolar borders of the 
fawB have an uneven or wavy contour, and the teeth are of 

unequal size. 

Ill the gavials Venus GavialU) the teeth an- nearly e(iual 
in size and simUar in form in both jaws, and the hrst as well 
as the fourth tooth in the lower jaw paflses 
into a groove in the margin of the upper 
jaw, when the mouth is dosed. The number 
of teeth is always greater in the gaviab than 
in the crocodiles or alligators. The first five 
pairs of teeth above are supported by tlie pi\t- 
niaxillary bones ; the first, second, and fourth 
of the lower jaw are the longest TIic eight 
or nine posterior teeth are neariy conical, the 
rest are sub-compressed, antero-poeteriorly. 
and present a trenchant edge on the right and 
left side, between which a few ftint longitu- 
dinal ridges traverse tlie basal i)art of the en- 
amelled crown (fig. 105). The j»ositiiiii of the 
opposite shar]i ridges, and tlie -Hrectiun of the 
flat sides of the crown, are at right angles to Fig. iu5. 
the above^ in the extinct amphiccelian gavial Teeth of the Oavid. 
(Su^Mouinu euUridens), which in other respects most nearly 
lesemblea the gangctic gavial in the form of the teeth. 

Crooodilians with cup-and-ball vertebnp, like those of 
living species, first make their appearance in the greensand of 
North Aiiierica {C roanl d ti.<. husifissns and ( \ JKi.sitrnncatus). In 
Europe their remains are tii^t found in the tertiary strata. 
Those from the phistic clay of Mcudon have been referred to C*. 
ttorhynekiu^ C, aEhrhynehMt, C. Becquerdi : those from the cal- 
caiie grossier of Aigenton and Castelnaudry to the C, MaUinat 
and C. Dodunii. In the coeval eocene London clay at Shop) >y , 
the entire skull and characteristic parts of the skeleton of (\ 
toliapicus and C. Chanip^ides occur. In the somewhat later 

X 
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eocene deposits at Braeklesham occur the lemains of the 
gavial-like C. Dixom, In the Hoidle beds have been found 
the C H(uHng8i(e, with short and broad jaws ; and also a trae 

alUj^fttor (C. Hanfoniensis). - It is remarkable that fonns of 
procteliaii ( 'rocodilia, now geographically restricted — tlio travial 
to Asia, the alligator to America, and the true crocodiles to 
warm latitudes of Asia, Africa, and America — Bhould have 
been asaoeiated together, and represented by species which 
lived, during nearly the same geological period, in riyeia 
flowing over what now forms the south coast of Engknd. 

Many species of proooeHan Croeodilia have been founded 
on fosbiLs IVoiii miocene and pliocene tertiaries. One of these, 
of the gavial sui»-^< nus (C cxu^stdcm), from the Sewalik 
tertiary, was of gigantic dimensions. 

Order X. — Lacsbtilia. 
{Lizard*^ Monitor*^ Iffwmet.) 

Char, — ^Vertebra) proccelian, with a single transrerse process 
on each side^ and with single-headed ribs ; saenl verte- 
bre not exceeding two : two external nostrils ; a foramen 
parietale in most* 

To the present order are provisionally refeired, through 
their dose anal<^ in dentition and In general size to modem 
lizards, the following genera and species founded on fossils, 
chiefly jaws and teeth, from the Pnrbeck beda. No perfect 

vt rtel)ia has yet readied ine sliewing tlie proca-lian structure, 
and so related to these fosiiils as to indicate organic associa- 
tion. iShould such discovery be mode, true Lacertians would 
date from the upper oolitic period. 

In the NiUheka degtruetoTf* Ow^ the teeHi are attached by 

• Abbrerinff il from nouthetetes, Monitor: in rfTcrpnce to the reRomljlancc of 
the teeth of the imnii to thoAc of the raoUeni VaraDion Monitors. See Quarterlj 
Journal of tlw Geological Society, 1854, p. 120. 
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partiiil anchylosis to depressions on the iunei j»ide of an 
alveolar wall, or according to the " pleiirodont type." Their 
enamelled ciowns are moderately long, compressed, pointed, 
slightly recurved, with a well-marked but finely serrated 
maigin before and behind ; the thickest part of the crown is 
not at the middle, but nearer the anterior border, as in the 
great Varanus (Var. eroeodUinm) and in Megaltmaurus; and 
they resemble, in ininiiiture, the teeth of tliat great carnivo- 
rous reptile. To the question whether these rurbeck fossils 
might not be ut a fatus or young of the Megalosaunis, the 
answer is, that the lower jaw of tlie Nuthetes diffeis from that 
of the M^galoeanrus in not having the inner alveohir wall 
produced in a greater degree than in the modem Varans and 
in not exhibiting any rudiments of alveolar divisions. The 
largest teeth measure two lines in diameter at the base of the 
crown, the length of the largest fragment of the mandible was 
one inch and a half ; the depth of the outer wall was six 
lines, that of the inner wall was from three to four lines. 

The fossils give evidence of a carnivorous or insectivorous 
lizard of the size of the Varawiu cneodUinut, or great land 
monitor of India. The specific name relates to the adapta- 
tions of the teeth for piercing, cuttings and lacerating the prey. 

A smaller kind of lizard, from the same formation (Smt- 
rillus obtusii%* Ow.), is chiefly represente d by the right dental \ 
element of the lower jaw containing thirteen teeth. These 
are moderately long, conical, and obtuse ; and are neither so 
long nor so recurved as in NntheteA. On the outer side of the 
dentary bone^ not far hebw the alveolar border, arc six nervo- 
vascular foiamina in a longitudinal row, relatively as numerous 
and large as in the Iguanodon, and indicatinjir, as in that and 
other Saurian reptiles, tlie soflly rovoring of the jaws and the 
equally reptilian simple and suUiivided condition of the sali- 

* Abbreviation of Murta, a lisud. Qiiwtarl; Jovmal of the Geological 
Society, No. 40, pp. 423 end 482. 
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vaiy appatatus in Saurillui. The teeth are implanted accord- 
ing to the plenrodont type. Supposing the fossil to have come 
from a mature individual, the size of the animal must have 
heen nearly that of the common Europeafi lizard, Laeeria 

ayilis. It wa.s most probably insectivorous. The specific 
name,** ohtnsvs,' itlt'ib to tlic obtuse t^riuination of the nmzzle, 
ns indicatc»d by the form of the fore part of the jaw, and also 
to the blunt apices of tlic c onical teeth. 

In the slab of Purbeck fresh-water stone containing the 
portions of upper and lower jaw, with teeth, on which the 
genus Maceltodtm* is founded, were also specimens of small, 
pitted, dermal scutes, and of a vertebral neural aich, cortea- 
ponding proportionally in size with the teeth. 

One specimen consists of the right superior maxillary 
btnie, contiiiuing eight nearly cut ire teeth, and shewing' the 
places of attachnieiit of thirteen or fuurtern sucli teeth, the 
mode of attachment being by partial anchylosis to the bottom 
of an alveolar groove and to the side of an outer alveolar walL 
Fig. 106, Oft shews the dentary element of the lower jaw, con- 
taining thirteen teeth, and alveolar depressions for twenly ; 

the hone, which is nine lines long, pre- 

^QB^^ I sents the posterior notch for articular 

1^% '^^^ ^^^^ angular and suiangular 

ehjiuents ; its outer surface is convex, 
and perforated at its interior half by 
a linear series of nervo-vascolar canals. 
Jng. 106. The crown of the teeth is broad. 

Jaw and teeth of Maceiiodon, Qompressed, With shaip Buhcrenate 

magn. (Purbeck beds). • i v i* 

margins at the apical half, curving in 

most to a low point at the summit The older teeth have the 

crown reduced by attrition to the shape of a spade, suggest- 
ing the name of the genus. The enamel is maiked by very 




* Matdbh * ap«de ; odbM, » tootli. Qnftrteily JoatiuU of die OMiogtca] 

RoCMty. No. 40, p. m. 
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fine longitudinal ridges, the tenainatioiis of which give the 
crenate character to the unworn maigins of the crown. 

In a portion of the upper maxillaiy bone of MaeeUodon 
Brodiei, the low palatal alveolar plate tenninates internally in 
a smooth border, which had formed the outer boundary of an 
extended palatal vacuity, as in most lizards ; this .structure, 
with the iniequal devt'l»)i)nient, tlic .succession, and pleurodont 
mode of implantation of the teeth, indicates the Lacertian 
afl&nities of MaeeUodon, 

The remains of small, lizard-like reptiles, with teeth more 
or less fitted for piercing, cutting; or 
crushing the chitinous covering of 
Ariiculatay are such as might be ex- 
pected in the marly .shell-beds of the 
Turbeck series, M hich have allonled 
such abundant evidence of insect 
life ;* and with them are associated 
remains of small, insectivorous mani- 
msls (iSfpo^ofiotikarfifm). AlaigerPiir> 
beck saurian, with teeth adapted to 
pierce the .scales of gani)i<l fi.shes, 
has on that account been referred to 
a genus called Eehinod<m,1[ It re- 
sembles Macdlodon in the general 
shape of the teeth, but they have the 
thecodont implantation. The crown 
piesents, however, that lea^ or scale- 4 p^rti^^ „f j^^^ ^^t. m^^c, and 

shaped type, of which the teeth of » mmI mmgo. of 

J, , nil IT 1 EA im adom (Ptobeck bed»). 

1 tdwosaunts, LurduMion, 11 ijlft 1/ rms, * ' 

iSci/idosat'n/.% and even thosf of hiunnoilon, are moditications. 
The teeth of Edtinodm^ aic distinguished from those of 





Fij?. 107. 



* Sec the pa|>cr b^- Mr. WcstwooU, in the i^u«rtcri^ Juuriiiil ul ibc Ucotugical 
Society, 1864, p. 376. 

t iStMHot, ho4goliog; and odnit, tooili, "pricklj tootb/* 
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iieeiidoaaurus by the marginal Benations of the apical half of 
the crown progressively incieasing in size from the apex to 
the base of that angular part of the tooth, the two basal points 
resembling spines, and terminating respectively, or forming 
the confluence of, the two thickened ridges bounding the 
fore and bind V)()iders of the basal half of the crown. From 
Macdlodoii it differs in the awollen bordens of the basal 
half and the sti-onger serration of the apical half of the 
crown. The similarly expanded crown of the tooth of Car- 
diodion* hss thicker, and apparently not sermte margins, it is 
not divided into a basal and apical portion, and the apex 
is more obtuse. In HffkeoBawms the crown is thicker and 
less expanded than in Eckinodm; the borders of the apical 
half are usually abraded by iiiasticatviry acts, shew no marks 
of serration, and meet at an an^le of 80": but tlic crowns of 
the teetii were in innitact, as in EchinwjUjn. The more com- 
plex structure of the teeth of Iffnanodon appeals^ nevertheless, 
to be due to additions superposed upon a type of tooth which 
is essentially like that in Scdidotamm and EchmodmL The 
expanded crown is divided into a basal and apical portion; 
the marginal serratioos of the latter are coextended with the 
increased thickness of the part into small lamelhe, themselves 
more minutely dentate. The middle longitudinal rising of the 
enamel, which iu Echimifon is stronger on the outer side of the 
upper teeth and on the inner side of the low er teeth, is exclu- 
sively developed, as the primary ridge" on the oorrespondiiig 
aspects of the teeth of the upper and lower jaws in Igumuidm, 
In the teeth of the young Iguanodony the primary ridge is 
median and well-marked, and in the unworn tooth forms or 
terminates at the apex of the crown, increasing its resem- 
blance to the Iv hmodont type of tooth. Hie difference of 
dental structure between Ech/inodan and Jffuanodon is of the 

* Vnm the Mid-Oolitw fonaatioii, called » Poraai Marble,** omt Bradibnl, 
Wilts. 8m mj Odontogmplij, p. W, pi. 7Aa, flg . 7. 
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adaptive kind ; relatiug in ihe former to aiiiinal food, in the 
latter to a mixed or vegetable diet^ The entife deutitiou uf 
Sthinodim appears so well fitted to pierce the scaly covering of 
fish, and retain the straggling prey, that I suspect the species 
to have been ichthyophagous, and, like the AmHyrhifW^ua 
of the Gallopagos Islands,* to have been aquatic in its habits. 

Small vertebrie of true lacertian i\ \>i- liavc hevn first found 
ill the Wealdeu of Sussex. In tig. 108, 4. a is tlio concave 
aiitei ior, and b the convex posterior surface of the centnuu ; 
d is the transverse process (diapophysis) ; z is the anterior, and 
/ the posterior, ^gapophysis. Such vertebiw are more abun^ 
dant^ and have been found associated with other characteristic 
parts of the species, in the cretaceous strata. On such evi- 
dence have been based the Eajikumwvs subulideMt the Conv- 
osaurua aassidciis, and the DolicJimaurm loiujicoUis* The 
last-named species is remarkable fur the length and alender- 
ness of its trunk and neck, indicative of a tendency to the 
ophidian form. 

But the most remarkable and extreme modification of 
the lacertian type in the cretaceous period is that manifested 
by the huge species, of which a cranium five feet long was 
discovered in the upper chalk of St Petei's Mounts near 

Maestricht, in 1780. The vertebrae are f^entlv concave in 
front, aitcl convex behind ; there are thirty-four between the 
head and the base ol the tail ; a sacrum seems to have 
been wanting. The caudal vertebne ha^e long neural and 
hemal spines, the arches of both of whidi coalesce with the 
cenkum, and formed the basis of a powerful swimmix^ taiL 
The teeth axe anchylosed to eminences abng the alveolar 
border of Uie jaw, according to the acrodont lype. There is a 
row of small teeth on each pterygoid bone. For this genus of 
hufje marine lizard the name of Mosasaurm has been proposed. 
Tkisides the M, Ilo/manm of ^Maestricht, there is a M. }fa,ri~ 

* Owen, "H»toi7 of Britiih Fouil Aeptifos," 4U>, pp. 173*183, pis. 2, 8, 0. 
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milianU from the cretaceous beds of North America, and a 
smaller species, M. fpaaiis Jiom the chalk of Sussex The 
Leiodon anceps of the Norfolk chalk was a nearly allied marine 
Lacertiao.'l' 

Many small tenestrial laoertiam have lefk their remaiiM 
in Euiopeao tertiaiy formations 

Order XL — Opbiou. 

{Sloic-wornuf, lierpenU.) 

Char, — ^Vertebrae very nnmeious, proooelian, with a single 

transverse process on each side, and single-headed hol- 
low ribs ; no sacruui ; no visible limbs. 

The order OphidUit as it is chaiacteriaed in the system of 

Guvier, rc(|iiire8 to be divided into two sections, according to 
the nature of the food, and the consequent nioditication of the 
jaws and teeth. Ceilain species, wliicli subsist on woinis, 
insects, and other small invertebrate animals, have the tym- 
panic pedicle of the lower jaw immediately and immovably 
articulated to the walls of the danima. The lateral branches 
of the lower jaw are fixed together at the symphysis* and axe 
opposed by the usual vertical movement to a similarly com- 
plete maxillary arch above; these belong to the genera 
Amphishcma and A mjui^ of liunseus, the latter represented by 
our coniiiiun blow-wonn. The rest of the Opliidians, including 
the ordinary serpents and constrictors, which form the typical 
members, and by far the greatest proportion, of the order, prey 
upon living animals of frequently much greater diameter than 
their own ; and the maxillary apparatus is conformably and 
peculiarly modified to permit of the requisite distension of 
the soft parts surroimding the mouth, and the transmission of 
their prey to the digestive cavity. All the ()]»liidiau ioasila 
hitherto determined belong to the latter typical group. 
• Op. cit., p. 185, 1, 2, 9. t Op. cit., p. 196, pi. 10. 
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The earliest evidence of an ophidian reptile iias been ob- 
taiaed £rom the eocene clay at Sheppy ; it consists of vertebrdc 
indicafciiig a seipent of 1 2 feet in lengtli, the Palaoj^ii toUapir 
eu» (fig. lOS^ s, half nat size). Still Luger, mote mmieroiu^ and 
better preserved vertebne have been obtained from the eocene 
beds at Brecklesham, on which the PaUxophis iyfkmu and P, 
porccUns have been founded : * these remains indicate a boa- 
constrictor-likc snake, of about 20 feet m length. The fossil 
vertebra; shew the deep ami well-detmetl anterior cup, (t, and 
posterior ball 5 ; the diapophysis d dififers from that of the boa- 
constrictor in being more prominent and more imifoimly 
convex ; the hypapophysis h is shorty as in the constrictors ; xs 
is the anterior, and the posterior zygapophysis ; the posterior 
border of the nentapophysis is remarkable for the angular 
pi-ocess n. The accessory articular surfaces at the fore-part of 
tin; neural arch are supported, as in reeent ()j)hi(l;an vertebra,*, 
u[H>n the process 7, culled tlie zygosjihene. Opliidiau vertebrae 
of much smaller size, Iroui the newer eocene at Hordwell, 
support the species called Paleryx rhornbifer and P. dcjyressu9,\ 
Fossil vertebise fiom a tertiaiy fonnation near Salonica have 
been lefened to a setpent^ probably poisonous, under the name 
of LaofhiaX One of these vertebrae (fig. 10S» 5) ehews the 
aooessoiy process d below a, and the long hypapophysis, K 
Poison-fa nrrs of apparently a viper, and vertebrae of a Coluber 
three times the size of any existing Kuiupean species, have 
l>een discovered in the mioceuc deposits at Sansan.-?, .south of 
France Three fossil Ophidians from the CEuingeu slate have 
been referred to CMber aitiuUmt Kargii, and C Owenii, 

A few bones of seipents have been found in snpetficiaL step 
lagmite and in clefts of cavea» which, perhaps, aie within the 
period of human history. But what is of chief inteiest to us is 
the fact of the existence of ophidian reptiles of the constricting, 

• Op.dt., pp. 139-149. pis. 2 and 3. f Op < It p 1 19, pi. 2, fign. 20-32. 

X Qu«rt«rlf Juurndi of the Geological il^ocicty, vol. xiii., p. 196, pU iv. 
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the colubrine, and venomous fiunilies, at early teitiaiy periods* 

before any uf the Lxisting species of mammalia had appeared 
on the earth. Tlie eocene and miocene fossils demonstrate, 
moreover, the same adaptation to a prone posture and a glid- 
ing movement with the belly in the dust» as at the present 
day ; and the fossil veitebre exhibit the same peculiar com- 
plexities which so exijuisitely adjust the vertebral column of 
the serpent to do the work of hands, feet» and fins ; — ^to ont< 
climb the ape, outswim the fish, outleap the jerboa, and 
outwrestlo the tiger. 

Order XII. — CnsLOiiLk. 
(Tortoueg and Turtles.) 

Char. — Trunk-ribs broad, flat, sutumlly united, funning, with 
their vertebrae, the sternum, and dermal bones, an ex- 
panded thoracio-abdomina] case, into n^ich the. limhs» 
tail, and, usually, the head, can be withdrawn. No 
teeth : external nostril single. 

The most coniraon evidences of extinct chelonians are 
the fossil remains of the above^defined case, usually in frag- 
ments or detached portions ; and, as tikis natural and portable 
dwelling-chamber offers modifications characteristic of the 
chief divisions of the order, some guide to the knowledge or 
study of its composition is here premised. 

In the marine lamilies called turtles (Chtlone), ami rmid- 
turtles {Trionrfx)f it consists of a floor or ** plastron" (fig. 108, n), 
and a roof or ** carapace" (ib, a). Side-walls are added in the 
fipesh-water tempenes (£my8\ and land-tortoises (Testudo). 
The carapace is composed of a series of medial and symmetrical 
pieces^ ehtopjf, and of two series of unsymmetrical pieces on 
each side. The medial pieces, called neural plates,** are 
dermal bones, of wliich those marked si to « 8 are coiuialt^ 
with the summits of the opines of as many dorsal vertebi-se, 
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tlie otht'is are free; the first, cA, is termed the "iiuclial," and 
the last, py, the ** pygal " plate. The contiguous side-plates, 
jllfofi^m dennal plates, connate with the eight subjacent 
rihfl^ whence they are called ** costal plates." External to 




Fig. 108. 

A, Corapaoe. 

Of A turtle, €Mom 



B, Plutran. 



these are the "marginal plates,'' m 1 to m 12, which are 
wholly dermal ossifications, are inconstant in number, and 
are wanting in iiiiid-tin-tles. 

The plastron (fig. 108, b) consists of the steniuni and of 
four pairs of sternal libs^ with some or all of which dermal 
bones of divene forms and extent are connate. These com- 
podte plates are of detenninate number in existing Ckeimia^ 
and have received special names. The single median piece, 
Bt is the "entostemal,' the foremost of the parial plates, es, 
are the "episti nials," the next hs the ** hyostenials,'' }/6 marks 
the ** hyposteruals,'' and xs the " xiiihistemals." 

Each of the above defined elements of the carapace and 
plastron may shew characters indicative of thn nnture and 
affinities of the chelonian it helped to house. The floor and 
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i-oot are least couiplete iii the marine turtles : tlie ribs extend 

beyond the costal plates leaving unossified inten^als, and their 

ends penetiate cavities in some of the marginal plates^ like 

teeUi in aockets (fig. 108» a). The other dements of the caxar 

pace aie onited together by suugmal aatoiea. Analogous 

vacuities are left in the plastron (fig. 108, b). In terrapenes 

and tortoises ossification obliterates sucli vacuities; the costal 

plates unite by sutures to the marginal ones, and the Ijyo- and 

hypo-sternals not only unite along the mid-Hue ol the plastron, 

but are joined laterally by sutures witli more or less of the 

marginal plates, foimiog the side-walls of the bony chamber. 

In all chelonia, save the mud-turtleB {l^ianffeidm),ihe exterior 

of the elements of both caiapace and plastron, aie impressed 

by the homy scutes which coated the bony elements, whereby 

the shapes and proportious of such scutes can be recognized 

after they have perished. The marginal impressions of the 

live medial or " vertebral " scutes are shewn in the carapace 

(fig. 108, a), at » 1 to 1? 5 ; the lines going out from tlie lateral 

an^es of these^ mark the boundaries of the "costal" scutes* 

In the fossil plastron (fig. 109), the line between hu and jse, 

defined the humeral* and ** pectoral" seutes; that between ' 

j3e and ad defined the "pectoral" and * abdominal " scutes; 

that between fc and an, defined the *' femoral" and "anal" < 

scutes, etc.* 

The turtles, being unable to withdraw the head within 
their shelly have it large and well ossified, as in %. 91, b, 
where the post&ontal, ^ the mastoid, m, and squamosal, 
form a continuous bony vault over the true cranium; but in 
the land, and most fresh-water, tortoises, the temporal foss» 
are exposed. The bones of the limbs are modified according to 
the medium of liie and locomotion ; but in all they are solid. 

* AppUcatioiui of the above Mu^jsis and nomencUture of the pwta of tke 
eanpaoo and pkatroii to tiw TecMMtraelioii of fowl CAelonw, wiU be foond In I 
tbe Anlbor'i "Hittoir of Britwh Fowl Beptilei,** 4to^ pwrtt 1-9. 
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Hefeience has already been made (p. 178) to the impress 
sions in sandstones of triassic age in Dumfriesshire^ of pro> 
bably chdonian foot^prints. These have been finely illus- 
trated in the great work by Sir William Janline on the foot- 
prints at Conicockle Muir. Tho earliest proof of olielonian 
life which the writer has obtained, lias lieeii ailuided l>y the 
skull of till' Chfhnr ii/atiicrjis IVom the Portland stone; and 
by the carapace and plastron of the extinct and singularly- 
modified genera Trelostcmon and Ph vrosteimon* (fig, 109), from 
Purbeck- In the fijst genus the plastron retains the centi-al 
vacuity ; in the seocmd genus an additional pair of bones is 
interposed between the hyostemals (As) and hypostemals 
(ps). In the specimen figured* the plastron, and the under 
sur&oe of the marginal pieces (» to is) of the carapace, 
of PUurosUman cmarginatum are shewn, t Emydian re- 
mains, it?fem*d to the genera HydrojKlia and Acliclonid, have 
been obtained from the lithographic (upper oolitic) alatcs at 
Ciriu. 

True marine turtles (Chelonc Camperi, CBemtedi, C. jn'I- 
ehrU^) have left their remains in cretaceous beds-t The 
emydian Protemif$ is torn the greensand near MaidBtone.§ 
The eocene tertiaiy deposits of Britain yield rich evidences of 
marine* estuary, and fresh-water tortoises. More species of true 
turtle have left their remains in the London clay at the mouth 
of the Tliame-S than are n*>\v knuwn tu exist in the whole 
world, and all the eocene Chdonrs are <'xtinct. Une of them (C. 
giga^ Ow.) attained unusual dimensions; the skull, now in the 
British Museum, measures upwards of a £oot across its back 

* MoDograph of the Fossil Cbolonian Reptilet of tlie WmMmi uid Purbeck 
Jjimestones, 4to, 1853, Paljcnntographical St»cietr. 

-f- i bis fine Cbelonite is in tbo pomieBsioa of Wni. CaniUDgton, Esq. Deyises ; 
•ad » nniUr •pednieii, from Swuage, Dvtw^dt&f^ hat recently been acqurcd 
for the British Museum. 

\ Owen Hi<it. Bnt. Fossil Reptilee," pp. 156-168, pit. 41-66. 

\ Op. cit.. p. 169, pi. 47. 
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part.* The Clielone longiups resembled a Trionyx in the 
shape and production of the muzzle (fig. 91, b), and an 
Emys in the extent of ossification of the carapace and plas- 
tron, but retained all the essential characters of a turtle. 




Fig. 109. 

Pleurotternnn emarginatum (Purbeck). 



The estuary genus Trionyx (soft turtle) is represented by 
many beautiful species in the upper eocene at Hordwell :t 
the fine rugous sculpturing of the outer surface of the 
carapace and plastron, in this genus, makes the recogni- 
tion of fossil fragments easy. The fresh-water genera Emyfi 

• The upper end of the feiniir from Sheppy, in t. xxix. of Monograph of 
FoHHil Reptilia of the London Clay, Palseontogrnphical Society, 1850, belongs to 
this species. See also " Hist, of Brit. Fobs. Reptiles," pp. 10-40, pU. 1-22. 

t Op. cit., pp. 50-60, pis. 26 33. 
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and PlakmyB are exemplified by many species in tiie eocene 
deposits, both at Sheppy and HordwelL In the pliocene 

of (Eningen niiiums of a species of Chdydra liave been 
tlK>ci*vered ; this generic form is now confined to America, 
Eemains of land-tortoises {Testudo, Broog.) indicate several 
extinct species in the iniocene and pliocene formations of 
continental Eniope. Strata of like age in the Sewalik Uilla 
have lerealed the carapace of a toitoiae {Cahmoehdyg aUas), 
20 feet in length. The same locality has also afforded the 
interesting evidence of a species of Emys (E. tedum^ Gray) 
having coniimied to exist from the (probably niiocene) period 
of the Sivatherium to the prci^ent day. 

Order Xni. — ^Batbachia. 

{Toads, Frogs, Newts,) 

Char. — Vertebra? biconcave (Siren), proccelian (i2an^), or 
opisthoeu lian {Pipa) : pleurupupbyses short, straiylit. 
Two occipital condyles and two vomerine bones, in most 
dentigerous : no scales or scutes. Larvae with gills, in 
most decidaouB; 

It IB only in tertiaiy and p06t4ettiaiy strata that extinct 
species^ referable to still existing genera or families of this 
order, have been found. The reptiles with amphibian or 

batrachian characters, of the carboniferous and triassic periods, 
combined those characters with otln rs wljit h i^'ave them dis- 
tinctions of ordinal value; they illustmtetl, indeed, rather a 
retention of the more general cold-blooded vertebrate type, 
with concomitant piscine and saurian features* than any near 
affinity with the mora apecially modified naked reptiles to 
which the name BatraeMa is given in zoological catalognes of 
existing species. While the ganoid type of fish prevailed the 
Batrachia were ganoid, the soft-skumtd Ikitraehia belong to 
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the period w lieii ino^^t fishes have the flexible aud soluble 
cycloid or ckMioid scales. 

Of the tailless or " anomous " Batrachla, toads of extinct 
species (Potoffjiftfynos Ossmm and P. dimmUis) have been 
discoyered in the (Eningen beds ; and frogt, more abundantly, 
in both miooene and pliocene deposits of fVanoe and €^ennany. 
The batracholites I'lom the tertiary lij^nites of the " Siobenge- 
birge* near Bonn, shew different .stai^cs of tnuislVuination of 
the Bana dilmioTia, Gdf. Teitiary shales from i3ombay have 
she\\ni remains of the small fossU Rana putiUa. 

Of the salamander family, the most noted fossil is that 
which, from the size of the head and vertebne, was referred, 
when first discovered at (Eningen in 1726, to the hnman 
species, as the Homo diluvtt testis. Cuvier demonstrated its 
near attiaities to the watci-salainimder (Mcnopinjin) of the 
United states. More recently a living six^cies ot salamander 
has been dlBcovered in Japan which equals in size the fossil 
in question — Andriaa Sehsuchzeri, 

A retrospect of the foregoing outline of the pakeontology 
of the class of reptiles shews that^ unlike that of fishes, it is 

now on the wane; and that the period wIrmi Rcpfilia flourished 
imder the c?i*eatest <liv("rriity of forms, witli tin- hij^hi'st grade 
of structure, and df the most colossal size, is the mezozoic. 
The pri:>gress of air-breathing veitebrate.s, graduating by close 
transitional steps from the water-breathing das^ has been 
checked, as if it had been unequal to the exigencies and life- 
capacities of the present state of the planet Beptiles have 
been superseded by air-breathers of higher types, which cannot 
be directly derived IVoin tlie cla^ of fiishes, A more genera- 
lized vertebrate structure is illustrated, in the extinct n'i»tiles, 
by the jiniMities to ganoid fishes shewn by the Ganoccpfuih., 
LabyriiUhodmiiiay and Ichlhyopterygia ; by the affinities of the 
Pterosatma to birds, and by l^e approximation of the Dino- 
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sauria to toamtnals. It is manifested by the combination of 
crocodilian, chelonian, and lacertian cbaiacteTS in the Crypto- 
dentin and JHeynodimHa ; and by the combined crocodilian 

and liK i i tian (characters in tlie ThccmUmtia und Saur(f))teri/fjia. 
Kveii tlie Clulohia of the ruibuck peiiud illustrate the same 
principle, by the more t}^>ical number of modified htema- 
pophyses, or abdominal ribs, entering into the compoaition of 
their plastron. 

The diagram (fig. 110) gives, in the horizontal spaces, a 
concise view of the geologi(;al relations, or distribution in 

time, of the seveml orders of the ehvss ReptilUi in the vertical 
<nliiiiiiis. In the fii*st column, the dark mark shews tliat 
the gauocei»li:iluns ^'loup represented by the Archrffosaurm 
1)egan, culmiuated, aud ended iu the carbouiferous period, llie 
Labyrinthodonts, commencing at the top of Uie coal series, 
and culminating in the trias, disappear at the base of the 
oolitic system. Very significant^ on the derivative hypothesis 
of species, is the commencement of the Ichthyopterygia where 
the Lahyrinflioiliniti'i terminate. The Thecodonts have but 
the partial relationship to modem La mi ilia which the Lahy- 
rinthodonts hear to the modem Bafrnch iff. The progi-eas 
of affinity or transition would seem to be from them to the 
Difumutia: the triassic forms of the Sauropteryffia diminish 
the interval between the Protorosaur and the Plesiosanr. 

The absence of Labyrinthodont remains in the permian, and 
ol" Klithyosaurian ones iu the wcaldcu, is quite compatible 
with the eonvirtion that both kinds of Reptilia were elsewhere 
existing during the periods of the deposition of those strata. 
A diflerence of habit corn»«:p(mding to the difference of struo- 
tore explains why the' Plesiosaurs might leave their remains 
in shallow estuary beds of the Wealden, whilst the more 
powerful swimmers were lording it over the fishes in more 
open seas. Of the true Balradda, those i-etaining the tail 
appear to liave been at their maximum during the upper 
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tertiaiy period* to have begun to decline after that time ; 
whilst the tailless genera and species are most numerous 

and various at the present day. The Ophidia resemble the 
Anoiiro, cuiiiiiioucm}' in the older ttrliurv, and sheMiii'' 
their maximum of development at the present day. The true 
proccelian, and especiaUy the pleurodout^ lizards, commencing 
in the chalkt have also gone on increasing in number and 
variety of forms to the present day. The acrodont group was 
represented by Mosoaaunu, with a maximum of size, and 
extreme modifications for marine life, during the cretaceous 
jKiriod- The great ordinal groups ul lihihyu- and Hauro- 
plvrf/f/iff, (it Pk/umu/ia, and DinomuHoy together with tlu* 
amphi- and opi.stho-ccelian CrocodUia, passed away ere tlie 
tertiary time had dawned. Tlie ]>ix)Coelian crocodileSp which 
culminated in the lower and middle tertiaiy times, axe now 
on the wane. Perhaps, also^ the same might he said of the 
ChdoniOt in regard to the size of individuals and the number 
of species of certain gcuera (t.r/., CJuiaiiCf TrUmyx, (JJu lydrd}. 

Class IlI^AVES. 

Long betoixj any evidence of birds from actual or recog- 
nizable fossil remains is obtained in tracing the progress of 
life from the oldest fossiliferous deposits upwards, we meet 
with indications of theur existence impressed in sandstones of 

the triassic or liassic period. 

These earliest evidenre.s of the <c\-j^ nvit l>y fuiitprints in 
some former tidal shore, preserved in one or other ol the ways 
explained in the section Ichnology." The fossil bones of 
birds have not been found save in strata of much later date 
than the impressed sandstones ; and they are much more rare 
than the remains of mammals, reptiles, and fishes, in any 
formations except the most recent in certain limited localities. 
New Zealand. 
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Sir C. Lyell has well remarked, that "the powers of iligbt 
possessed by most birds would insure them against perishing 
by iiuiiicions casuahit ;i t*) Mlii( li ijiiiicliujH'ds are exposed 
during lioDilb." The same writer further urguei>, that **if they 
chance to be drowned, or to die when swimming on water, it 
will scarcely ever happen that they will be submeiged so as 
to become preserved in sedimentary deposits.'* It is true 
that the carcase of a floating bird may not sink where it has 
died, but be carried far along the stream : ultimately, however, 
if not devouied. its bones will suliside when tlie soft purtii 
have rotted ; and Itoth the comjuictni ss oi the osseous tissue, 
and the facts made known by the ornitholites of the green- 
Siind near Cambridge, of the Loudon day at Sheppy, and of 
the Montmartre eocene quarry-stone^ shew that they can be 
preserved in the fossU state. The length of thne during which 
the carcase of a bird may floaty doubtless exposes it the more 
to be devoured, and so tends to make more scarce the fossil 
i-eniaiiis of birds ui scdinientarv strata. 

Certain it is tluit the major part of the remains of extinct 
birds that have as yet been found are those of birds that were de- 
prived of the power of flight, and were oiganized to live on land. 

The existence of birds at the triassic period in geology, or at 
the time of the formation of sandstones which are certainly in- 
termediate between the lias and the coal, is indicated by abim- 
Uant cvidLiioes of footprints impressed upon those sandstones 
whicli extend tlirou^li a great part of the valley of the Connecti- 
cut liivcr, in Connecticut and Massachusetts, North America. 

The footprints of birds are peculiar, and more readily dis* 
tinguishable than those of most other animala. Birds tread 
on the toes only ; these are articulated to a single metatarsal 
bone at right angles to it, and they diverge more from each 
other than in other animals. 

Not more than three toes are directed forward ;t the fourth, 
* Triaciples of Uoology, «d. 1847, p. 721. f Save in the Swift. 
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wlipn it exists, is directed backward, is shorter, usually rises 
higher from the metatarsal, aud takes less share in sustaining 
the superincumbent weight No two toes of the same foot in 
any bird have the same number of joints. There is a constant 
numerical progi-ession in the number of phalanges (toe-joints), 
from the innermost to the outermost toe. A\Tien the back toe 
exists, it is the imici most of the four toes, and it 1ms two 
phalanges, the next has thi*ee, the third or middle oi the front 
toes has four, and the outermost has five phalanges. AVhen 
the back toe is wanting, as in some -waders, and most wingless 
birds» the toes have three, four, and five phalanges respectively. 
When the number of toes is reduced to two, as in the ostrich, 
their phalanges are respectively four and five in number ; thus 
shewing those toes to answer to the two outermost toes in 
tridactyle and tetraductyle birds. 

The same numerical progression characterizes the t\\o 
phalanges in most lizards from the innermost to the fourth ; 
but a fifth toe exists in thorn m hich has one phalanx less than 
the fourth toe. It is the fifth toe which is wanting in eveiy 
bird. In some Cfattinaeea, one or two {Pavo hkalcaratiis) spurs 
are superadded to the metatarsus ; but this peculiar weapon 
is not the stunted homologue of a toe. 

Dr. Deane of Giecntield, I'nited Shitcs, nutici d, in IS.']."), 
imprcssion.s re.seiiibliiin the feet uf birds iii somi" .slabs of sand- 
stone from Connecticut River, and first, in a letter to Dr. 
Hitchcock, dated March 7, 1835, recorded his belief that they 
were the footsteps of a bird. He prepaied casts of the impres- 
tmaa, some of which he transmitted, with his opinion of their 
nature^ to Professor Sillimao; Editor of the American Journal 
of Science, in April 1835. Dr. Hitchcock, President of Am- 
herst College, United St^ites, hiiit submitted these impressions 
to scientific comparison, and published the inteT|irt'tation of 
theii* having been produced by the feet of living birds, and 
gave them the name of OmithicJmii&i. 
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It was a startiiug aunounccmeiit, aiul a conclusion that 
must Lave had strong evidence to support it, since one of the 
kinds of the tracks had been made by a pair of feet^ each 
leaving a print 20 inches in length. Under the term Omi- 
ihichniUs gvjanteus, however. Dr. Hitchcock did not shrink 
from pi-oclaiming his conviction of the existence, during the 
peiind of the dt'iiositiou of the ivd sandstones of the valley of 
the Connecticut, ot a binl which must have been at least four 
times laiger than the ostrich * The impressions succee<1ed each 
other at regular intervals; they were of two kinds* but differ- 
ing only as do a right and left foot; and they alternated with 
each other, the left foot being a little to the left^ and the right 
foot a little to the nght> of the mid-line between a series of 
tracks. Each footprint (fig. Ill, i» and r) exhibits three toes, 
diverginj:: as tlu yi xtt nd forwards. Tlie distance between the 
tips of the inside and outside toes of the same foot was 12 
inches. Eacli toe was terminated by a short strong claw pro- 
jecting from the mid toe a little on the inner side of its axisi 
from the other two toes a little on the outer side of theirs. The 
end of the metatarsal bone to which those toes were articulated 
rested on a two-lobed cushion which sloped upwards behind. 
The innn toi- (r) shewid distinctly two phalangeal divisions, 
the middle toe three, the outer toe (&) four. And since, in 
living birds, the penultimate and ungual phalanges usually 
leave only a single impression, the infeience was just* that 
the toes of this lai^ge foot had been characterized by the same 
progressively-increasing number of phalanges, from the inner 
to the outer one, as in birds. And, as in birds also, the toe 
with thu greatecit nuni]>cr of joints was not the longest ; it 
measured, c.y., 12^ inches, the midtlle toe from the same base- 
line measured 16 Indies, the outer toe 12 inches, borne of 
the impressions of this huge tridactylous footstep were so well 
preserved as to demonstrate the papillose and striated character 

* Araericm Joarnftl of 8ei«ne« for 1S86, vol. xxix., pi. i. 
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of the integument covering the cushions on the under side 
of the foot Such a structure is very similar to that in the 

ostrich. The average extent of stride, as shewn by the dis- 
tance' between llie iiniiit'ssions, was between iliivt^ and four 
feet ; the same linil) was therefore carried out encli step fi"oni 
six to seven feet forwartl in the ordinary mte of progression. 

Tliese footprints, althongh the laigest that have been ob" 
served on the Couuecticut sandstones, are the most numerous. 
The gigantic BrmtaBoum, aa Principal Hitchcock proposes to 
term the species, *'mu8t have been," he writes, "the giant 
rulers of the valley. Their gi-egarious character appeals from 
the fact, that at some localities we find parallel vows of tracks 
a few feet distance fioni one another." 

The stmta of red sandstone, with the above-described im- 
pressions, occupy an area more than 150 miles in length, and 
from 5 to 10 miles in breadth. Having examined this series 
of rocks in many places I feel satisfied that they were formed 
in shallow water, and for the most part near the shore ; and 
that some of the beds were from time to time raised above the 
level of the water and laid dry, w hile a newer seriest, composed 
of siiiidar sediiiuuit, was forming." '* The tracks liavc been 
found ill more than twenty phKes scattered through an extent 
of nearly SO miles from N. to S., and they are repeated through 
a succession of beds attaining at some points a thickness of 
more than 1000 feet, which may have been thousands of years 
in forming."* 

One of the evidences of birds from the Cambridge green- 
sand, transmitted to the writer by their discoverer, Mr. Barret, 

is the lower half uf the tritid metatarsah shew ini; the outer toe- 
joint iiiueh higher than the other two, and project Iolj haek- 
waids above the middle joint ; it indicates a bird about the 
size of a woodcock. 

In the conglomerate and plastic clay at the base of the 

* Lyell, Mftnaftl of Elenentarjr 0«oI(^, Sro, t85fi^ p. 348. 
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♦?ocone teitiaiy system at ^leuclon, near I'aris, thn leg and 
thigh bones (tibia and femur) of a bird {Gadorms Parinams) 
have been disooveied : they indicate a genus now extmct 
They belonged to a species as huge as an ostrich* but more 
robust^ and with affinities to wading and aquatic birds.* 

In the eocene clay of Sheppy, fossil remains of birds have 
boon found, indicating a small Milture {Lithornis mUvriims) ; 
also a bird, probably of tlie kin^^-fislicr family {UalnjirmU 
toHapieus), and a species of the sca-guU family. In the same 
fonnation at Highgate» remains of a species of the heron family 
have been found. 

The fossil bones of birds from the gypsum quarries at 
Montmartie were referred or approximated by Cuvier to eleven 
distinct species. Good ornitholites have been obtained from 
the Hordwell frcsli-watcr deposits. 

Tlie most ancient exam] Jo f>f a passerine bird is the Pra- 
iomis Glarisimsisy founded on an almost entire skeleton dis- 
covered in the schistose rock of Glaris, refem])le to the older 
division of the eocene tertiary series. This skeleton is about 
the size of a lark, and in some respects similar to that bird. 

Comparisons of the ornitholites of the eocene tertiaries 
shew that the followinst ordinal modifications of the class of 
birds were at that period represented : the 7'aptorial, or birds 
of prey, by species of the sizr (^f our osjircvs, buzzards, and 
smaller falcons, and most probably also by an owl ; the inses- 
aorial, or tree-perching birds, by species seemingly allied to 
the nuthatch and the lark ; the teansariah or anisodactyles^ 
by species as large as the cuckoo and king-fisher; the 
raaoriab, by a species of small quail ; the eunorials, by a 
species as laige as, but with thicker legs than, an ostrich ; the 
yrallati/naly by a curlew of the size of the ibis, and by sx)ecies 

• Hebert, '< Gomptes B«ndi» de TAcad. dm Sdences," 18S5. Owen " On 
the AflinitieK of Gimtoniw Parisienris " Qnarterly Jomnial of QeoI«gical Society, 
vol. xii., 18&6, p. 204. 
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allied to Scolapax, Triiuja, and Pelidna^ of tlie size of our 
woodcocks, lapwings, and sanderlings ; and the ^latatarial, by 
species allied to the oormoiant^ but one of them of larger 
Bize» though lees than a pelican ; also by a species aJdn to the 
divets (Mergaiuer). 

The remains of hirds become more abimdant and varied as 
vre approach the present time ; especially in the miocene strata, 
so richly developed in France, altlKiu«^li wauimg m iirii.nu. 
One of the most sintnilarly-modified iuiiub of beak is shewn 
Vty the flamingo. The fossil skull of a sj)ecies of this genus 
{PluenicopienLs) has been found in the miocene fresh-water 
deposits of the plateau of Gergovia, near Clermonte-Feirand ; 
the entire metatarsal bone of a species of esgle {AquiUa) or 
osprey (PajM^tem) in the same deposits at Chaptussl, Allier ; 
and the httmenis of a bird allied to and as large as the alba* 
tross, i!i tlie mohs-^r roqvi/liere marine at Armiigiic IJciiiains 
of a vulture, most probably a Cniliarlesy have been found in 
tlie miocene lacustrine deposits of Cantal. Indications of all 
the other orders of birds, save the great Curaores or iilruthi- 
cnidm, have also been discovered in miocene strata — ^those of 
vadittg birds being the most numerous. 

Fossil egga of birds occur in miocene deposits in Auveigne ; 
and impressions of feathers have been discovered in the 
pliocene calcareous marls at Montebolca. In pliocene brick- 
earth deposits in Essex has been found a fossil metatarsal of 
a swan, as lanre as, and not distinguishable from, the existing 
wild swan ; in the pleistocene clay at Lawford a fossil 
humerus like that of a wild goose. But most of the omitho- 
lites of this recent tertiary period have been discovered in 
ossiferous caverns. They belong to birds closely resembling 
the falcon, wood-pigeon, lark, thrush, teal, and a smaller wader. 
The writer has received information of skeletons of birds 
found d«'eply imbedded in stratified clay at Aberdeen and 
Peterhead. 
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The tnoet extraoTdinaiy additions to the present class have 

been obtained from the superficial deposits, turbaries, and 
caves in New / 1 unl* Tins island is remarkable tor the 
absence of aboriginal wpecies of land-maninials, and for the 
presence of a small bird with veiy rudimental wings, and the 

keel-less ster- 
num and loose 
plnmage of the 
Strutliious or- 
der, but of a 
peculiar genus 
called ApUiyx: 
thel^aieveiy 
tobi28t> and have 
three front toes 
and a very small 
buck toe. Birds 
rejieuibling the 
Apteryx in the 
shapeof the ster* 
nam and bony 
structure of the 
pelvis and hind 
limbs, suaie re- 
taining also tlie 
small back toe, 
others appar- 
ently without it» 
formerly existed 
in New Zealand under different specific forms ranging in 
height from 3 feet to 10 feet. They have been referred by 

• These remains ;ir<' f]<'si r)hc"il in right niPtnoirs liy the writer, pultlished in 
the third and fourth volutiies of the Transactions of the Zoologicai S«»ciety of 
London. The deicription of tbe flrat fngnmit of tbo bon«, indicative cif the 
DwomUf \n in vol. iii., p. 39, pK S. 




Fig. in. 

A. Dmomu ekphantopm. 

B. L^-honM ci JHnortUt giganlevB. 
r. ImpveoiiiHUi enlled Oinithichnitef. 
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the writer to the genera Dinomis aud Palapteryoi. The 
gigantic species are interesting, as exhibiting birds equal to 
the formation of tridactyle impressions as laige as those of 
the Oonnecticttt sandstones^ called Oriw(hichin4UB {BrtmiMomC^ 
ijiijKs (fig. 1 11, r, 6). In this cut is given a figure of the leg- 
lx)nes of Dinomis (figantms (B), in which the tibia (t) measures 
ui»\viir(l.s of a yard in length. In the entire skeleton (A) of 
another speciei?, the metatai-sus is as thick, but only half as 
lon^ as in the D, gigantcus ; the framework of the leg is the 
most massive of any in the class of birds; the toe-bones 
almost rival those of the elephant ; whence the name Dinomia 
$Upkantopu8, given to this species. Several other species of 
these extinct tridactyle wingless birds have lieen determined — 
e.ff^ Dimvnu ingenSy D. strvthioides^ D. Hu hlrs^ D. di-omundes^ 
D. rnsTrr j'in //.s, I), iv^ishis, D. crassm^ D. geranouhs, D. curtus. 
With these remains have been found bones of a bird the size 
of a swan, but of an extinct genus (Aptamis) ; also those of a 
laigo coot (Notomia Mantdlt) which, founded originally on 
foBsU remains, was afterwards discovered living in the Middle 
Island of New Zealand. Two species of Apteryx^ not dis- 
tinguishable from the existing; kinds, were conten)|K)raries 
with tlif* gigantic Dinar nis and the writer has rt ccivt'd evi- 
dence tliat the D, elephantopus afforded food to the natives 
at probably no very remote period. Some of the smaller 
kinds of J)incmi$ may yet be found living on the Middle 
Island. 

In Madagascar portions of metatarsal bones, indicating a 

thrt»e-toed binl {Ejnomis) as large as, but generically distinct 
from, the Dnnwnls ffi{]nnl€v,% have been disroverctl in alluvial 
banks of streams ; and with them entire tggs, mea.suring Iroin 
13 to \4t inches in long diameter. The mn tents of one of 
these eggs is computed to equal those of six ostrich egg8> or 
of one hundred and forty-eight hen's eggs. 

In the neighbouring island of Mauritius the dodo {Didm 
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incptvs) hm been exterminated by man witliin tlni period of 
two centuries ; and in the islands of Bourbon and Rodriguez 
the '* solitaire" (Pezophapa) has also become extinct Both 
these biids had wings too short for flight 

Class IV.— MAMMALIA. 
{Warm^hloodedt Air-breafhing, Vimpamu Vertehratea.) 

Everj' calcified part of an animal, whether coral, shell, 
crust) tooth, or bone, can preserve its form and structure 
-when haried in tlie earth during the changes there gradually 
operated in ii, when every original particle may have been 
removed and replaced by some other mineral substance pie^ 
viously dissolved in the water percolating the bed containing 
the fossil. A bone, or other ]»;irt so altered, is s;nd to be 
"petrified.'' Not only are all its outward eharaeters pre- 
served, but even the minutest structui-e may be, and in most 
cases is, demonstrable in the fine sections under the micro- 
scope. 

Fossil bones and teeth have been discovered in every in- 
termediate stage of alteration, from their recent state to that 

of complete petrifaction. Recent bones consist of a gelatinous 

ba.sis hardened by earthy siilts, chiefly })liospliate of lime.* 
Fishes have the smallest ])roi>ortion, biixls the laigest propor- 
tion, of the earthy matter in their bones. 

ProparHam of Hard and Soft Matter in the Banes of the 

VertebraU AnimaU. 

PI8HB8. 

8altni.li C«rp. Cm\, 

Soft 60-62 40-40 34 30 

Hard 39-38 5^-60 65'70 

10000 10000 toooo 

* Tluit tbit ccwnbinftUon of pboiipliortis ftnd caleiun ha* «var taken place in 
natnn, save under ibe inflnenoei of a Hving organiam, femaina to be proTed. 
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BEPTILBt. 

Fnig. iinake. Lizanl. 

Soft 35-50 31 04 46-67 

Hard 64-60 6yy6 63-33 

lOtHX) 100-00 lOOHX) 

MAMMALS. 

PorpoiM. Ox. Liun. Man. 

Soft 35-90 31 00 27-70 3103 

Hard 64 10 69 00 72 30 68-97 

100 00 100*00 100-00 i(xm 

BDUM. 

GooM; TnriMjr. Hawk. 

S<ift 32^>1 30-49 26-72 

Hard 67 09 69 51 73-28 



4 ^H^^^H^M ^V^^V^M ^M^^^^^S 

100*00 100-00 10000 

Tlie chemical nature of the hardening particles, and of the 
soft basis of bone, is exemplified in the subjoined table» in- 
cluding a species of each of the four classes of Yertebiata : — 



Chemical CompOiiHm of &mc9. 



logredienU. 




1 

Mail. 1 TgrtoUe. 


Cod. 


Phosphate of lime, with trace > 


64-39 


59-63 


52 66 


57-29 




703 


7-33 


12-53 


4-90 


Sulphate, < irbonate) aodcblo* ) 

rate of t>oila f 


0-94 


1-32 


0-82 


2*40 


0*j2 


0-69 


0-90 


1-10 




27-73 


29 70 


31-75 


8231 




0-99 


1-33 


1*34 


200 

\ 




lOUUO 


100-00 







The most common change which bones first undeigo is 
the loss of more or lees of their soft and soluble basis. This 
effect of long interment is readily tested by applying the 

spcciiiu'ii 10 the tongue, when the aftinity fur Uuidof the pores 
of the earthy constituent, after having lost tlie grlatine, is 
so great, that the specimen adheres to the tongue like a piece 
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of dry chalk. Bones aud teeth in this state quickly absorb a 
solution of gelatine, and thus their original tenacity may be 
restored.* Petrified fossils need no such treatment ; they are 
usually harder and more durable than the ori«rinal hone itself. 

The interpR'itatiou of such fossil remains ix'tjuii-es a com- 
parison of them with the coiTesponding parts of animals now 
living, or of previously determined extinct species, lu the case 
of the vertebrate animals^ such comparison is limited to the 
osseous and dental systemSb The intetpr^tion of a vertebrate 
fossil, therefore, pi*esu])jx»se8 a knowledge of the various modi- 
fications of the skeleton and teeth of the existing vertebrate 
animals ; and the more extensive and }in_'cise such knowledge 
may l)u, the more successful will be the ellbrts, aud the more 
exact the conclusions, of the iuterpi'ctcr. 

The determination of the remains of quadrupeds is beset, 
Cuvier remarks^ with more difficulties than that of other 
organic fossils. Shells are usually found entire^ and with all 
the characters by which they may be compared with their 
analogues in the museums, or with figui'es in the illustrated 
books, of niituralibts. Fishes frequently present their skeleton 
or their scaly covering more or less cutii^ from wliich may 
be gathered the general form of their body, and frequently 
both the generic and specific characters which are derived 
fixim such internal or external hard parts. But the entire 
skeleton of a fossil quadruped is rarely found, and when it 
occurs, it gives little or no information as to the hair, the fur, 
or the colour of the species. Portions of the skeleton with the 
bones dislocated, or scattered pell-mell — detached bones and 
teeth, or tlicir fragments merely — such are the conditions in 
which the petrified i*emains of the mammalian class most com- 
monly present themselves in the strata in which they occur. 

• The writer "h ex|i«ricnci:' of this c tVect led him to suggCHl the application of 
ft simikr proccits to the long-buricU ivory ornaments from the ruinK of Nineveh 
In the Brituh MnwQiD ; it proved bucomsAiI. 
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Prior U) the time of Cuvier but little progress had been 
made in tlie interpietatiou of such fragmentaiy remains. The 
striking success which attended the application of the great 
compaTatlve anatomist's science to this previously neglected 
field of study, was referred by Cuvier to principles in the 
organization of animal bodies, which he termed the ** Conela- 
tioii of Forms and Structures," aud the " Suburdiuatiou of 
Oi-gans" — principles which his cleai^thinkiiig bioirrajilier, IVf. 
Flourens* in eoniinon ^\ith most coiitrinjMnarv |»liilosu])liers, 
has i-e^aixled iUs the most ell<'( tive and aui < rssful instrument 
in the restoration of extinct animals. Tiiey will be exempli- 
fied in the course of the present section of this work. 

A terminal phalanx modified to fit a hoof may give, as 
Cuvier declared, the modifications of all the bones of the fore 
limb that relate to the absence of a rotation of the fore 1^, 
and all the modifications of the jaw and skull that relate to 
the masticatiuu of fuud by bruad-crowiK-d complex molars. 

But there are certain associat^'d structures fur the cuinei- 
dcnce of which the physiological law is unknown. ** I doubts" 
writes Cuvier, ** whether I should have ever divined, if obser- 
vation had not taught it me, that the ruminant hoofed beasts 
should all have the cloven fool^ and be the only beasts with 
horns on the frontal bone.'i' We know as little why horns 
should be in one or two pairs on the frontal bone of those 
Ungulates oidy which have liuofs in one or two pairs ; whilst 
in the horned Ung\dates with three liuuf^ there slundd be 
either one horn, ur two horns placed one behind the other in 
the middle Hue of the skull ; or why the Ungidates with one 
or three hoofs on the hind foot should have three trochanters 
on the femur, whilst those with two or four hoofs on the hind 
foot should have only two trochanters. 

* Eloge ]Iiatori(iiM«trAiiBfyMlUuoiini6e diM TmraQz <te G. Cuvier, limo, 

Paris, rsn, p. 42. 

t " llechercbcs mr Urn Osneiuens Fo«silcM," Hvo, eU. 1H3-1, tuDt. i., 1B4. 
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" However* continues Cuvier, ** since these relations are 
constant^ they must have a sufficing cause; but as ve are 

ignorant of it, vre must supply the want of the theor>' by means 
ut" ubjiervation.* This, if a(le(|uately pursued, w ill s(jr\u to 
establish empirical laws almost as sure in their ai)}>licatioa as 
ratioiml ones." " That there are secret reasons tor all these 
lelatioDS, observation luny convince us independently of 
general philosophy.'' The constancy between such a fonn of 
such oigan» and such another fbim of another oigan, is not 
merely specific^ but one of class, with a corresponding gi-ada- 
tion in the development of the two organs." "t" 

"For examjile, the tiuniary system of uou-rmninaut Ungu- 
lates is generally more perfect than that of the Bisulcates ; 
inasmuch as the former have almost always both incisors and 
canines in the upper as well as the lower jaw ; the structure 
of their feet is in general more complex, inasmuch as they have 
moredigitSrOrhoofis less completely enveloping the phalanges, 
or more bones distinct in the metacarpus and metatarsus, or 
more numerous t<imal bonus ; or they Irnve a more distinct 
and better developed fibula ; or a concomitance of all these 
modifications. It is impossible to assign a reason for these 
relations ; but, in proof that it is not an affair of chance, we 
find that whenever a bisulcate animal shews in its dentition 
any tendency to approach the non-ruminant Ungulates, it also 
manifests a similar tendency in the conformation of its feet 
Thus the camels, which ha\ e canines and two ur four incisors 
in the upper jaw, have an additional bone in the tarsus, result- 

• " Puusqne cea rapporto mot oonctMtIt, il fiiut bien qii*iUi tkml une c&cm 
Huffisante ; mais conimo noQf m la coniKMflSons pu, nous devoni snpplcer an 

defaat de la theorie par le moycn de I'obfiervation." (Tom. cit., p. 184.) 

"f " En effet, quaud on foriiu- un talilrau de res r.ipporti, an y rcmarque non« 
Hculcmcnt une Constance specilit|ue, si Tuu pent ts'expriiuer aiusi, entre telle 
form* de td organe, ei iell9 autre forme d*im organe difflSrent ; mais Ton aper^int 
aussi une constauce de cUune et one gndatioDcbmsimndantc dans le dlmloppe- 
meiit dc ctH ihnx organcs, qui nionti'CQt, presquc ausHi bien qu'un ndeoiineiiMnt 
eflecti/, k*ur inliuouce mutuelle." (Tom. cit., p. 186.) 
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iug from the scaphoid not being contiueut with Uie cuboid ; aud 
the suiall hoofs have correspondingly small phalanges. The 
musk-deer, which have long upper canines* have the fibula co* 
extensive with the tibia, whilst the other ruminants have a 

mere rudiiiKMit «>f tilmla aiticulatetl Ui the lower ciid of tlie tibia/' 
** There is then a e< distant liarniony betwi cn two or«j;ans to all 
appearance qiut<} strangers to each other, aud the gradations ot 
their forms correspond unintemipt* lly < ven in the cases wlien* 
one can render no reason for such relations." ** But in thus 
availing ourselves of the method of ohsen'ation as a supple* 
mentary instruuieut when theory abandons us, we arrive at 
astonishing details. TTie smallest articular surface {facet(e) 
of a hone, the snuillest pi*oeess, pivsenls u dctci minate elianntci 
rL'luliu«,' to the class, to the order, to the j^i-uus, aud to the 
sjKjeies to which they belong ; so that whoever possesses 
merely the well-preserved extremity of a bone^ may, with 
application, aided by a little tact (adresae) in discerning ana- 
logies, and by sufficient comparison; determine all these things 
as surely as if he [>ossessed the entire animal"* 

Theiv have been, of coui-se, instances, and will be, wheix* 
for waul ut the " eftieacious comparison," and tlie " tact in dis- 
cerning likeness," such i-esult^i have uot ivw aided the endea- 
vours of the paUeoutologist ; and these shiirt comings, and the 
mistakes sometimes made, even by Cuvier iiimsell^ have been 
cast in the teeth of his disciples, as aiguments against the 
prineiph's hy which tliey believed themselves guided in their 
etidenvours to complete the glorious edifice of which their 
ma-ster laid tin* touinlntinii-. 

The writer has, thercloiv, <|Uoted imm the well-known 
'* J'reliniinary Discouiiie" to Cuvier's gi-eat work on dossil 
Kemains, with a view to neutralize the efforts of statements 
reiterated in apparent ignorance of the clear and explicit 
manner in which Cuvier there defines the limits within which 

• Tuiii. oil., i>. ix't. 
% 
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the law of correlatiou of animal structures may be successfully 
applied, and indicates the instances in which — ^the pli} .siolo- 
gical condition being nnlcnown, and the coincident structuTHS 

being iindcrstofMl < iiipii !< ally— tjaid'ul observation luid rigor- 
ous comparison niiist supply tlie pltioe ot tiie physioloi^ically 
uiulerstc»o(.l law. 

Those who deny tlie existence of design in the construction 
of any part of an organizetl body, and who protest against the 
deduction of a purpose from the valves of the veins or the lens 
of the eye-ball, repudiate the reasoning which the i)aljeonto- 
logist eanii'^ i»nt tioiii the hoof to the grinder, or IVuiii the 
earnassial ninlar tn the ivtmrtile claw, tlimiiirli the guidance 
of the principle ot a pi-e-ordained mutual adaptation of such 
parts : but such luinds are not»nor have l)een, those who have 
contributed to the real advancement of physiology or palaeon- 
tology. 

By reference to the « Table of Strata** (fig. 1), it will be 

seen that the earliest evidi^nce of a vei tebrate anijnal is of the 
cull 1-1 .1(.(M led water-bivathing class in the upper Silurian period. 
Next lollowis that of n cold-hloi idrd but aii--bi*eathiiig verte- 
brate, under the batrachian grade, in the carl»ouiferou.s i)eriod. 
Tlie warm-blooded air-breathing classes are first indicated, as 
birds, by footmarks in a sandstone of probably triassic but 
not older age ; and, as mammals^ by fossil teeth from bone- 
beds of the upper triassic system in WirtembeiT?, and of, ai>pa- 
rently, the same age near I'lome, Somersetshire, lyfammalian 
remains hnvo rdso Ihmh lountl in a coal-tield in North Camlina, 
which may be earlier, but cannot be later, than the lias ibrma- 
tioD. 

Oenua Microlbstes. — The mammalian teeth from Gennan 
and English trias indicate a very small insectivorous quad- 
ruped, to which the above generic name was given by Pro- 

f(f»s.si)r I'lieninger. The ( Jerman specimens were discovered in 
l<S4r7 ill a buac breccia at l)iegerloch, aljout two mile*} from 
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Stuttgardty the geological relations of which are well deteiv 
mined as between lias and Keuper sandstone. The teeth of 

Microlestes from an agglomerate occupying a fissure of the 
carboiiilt'iuus lime«toiie near Fronie, submitted to the writer 
l)y the discoverer, Mr. ('Iiarles Moorc^, F.G.8., iu 1858, are 
four iu number, two lieiug molars of the upper jaw, each 
with four fangs ; one a molar with a narrower crown and 
two fangs from the lower jaw ; and the fourth a small, pointed, 
front tooth. The crowns of the molars are short vertically in 
proportion to their breadth ; the distinct enamel contrasts 
with the cement-covered fasv^s ; the giiudin^ snrfoce shews a 
wide and shallow depression, surrounded by small, low, 
obtuse cuspt^, tlirt'u ut" e(|ual si/*.' nu (uie side, a lar-^ci 

cusp near one end, and smaller and less regular cusps ou the 
side opposite the three. One ](>^\•er molar shews a similar 
type» but with the three maigiual cusps less equal in size : a 
second smaller, and from a more anterior part of the series has 
three low cusps on one side, and but one cusp on the other 
side of the crown, the grinding surface of which presents an 
elongate triangular form. This tooth had two fangs. The 
crown of tile largest of the ^Ip)l(•^ umlais diu s not exci't-il one 
line in its longest diameter. Amongst existing Mammals, 
some of the small molars of the marsupial and insectivorous 
Myrmecobius of Australia offer the nearest resemblance to 
these fossil teeth ; but a still closer one is presented by the 
small tubercular molars of the extinct oolitic Mammal called 
Pkiffiaula.v (tig. 120, mi and a). 

Gmvs Dromatiierittm.* — Tliis gt iius is founded on a 
ramus i»t'a lower jaw, not i^uitc au iiu h in length, containing 
7 tricuspid mohus, like those of tSpaJacotJicriut/iy pn»('('<led 
apparently by 3 simple, slender, cuspidate premolars, in !i 
continuous series ; in advance of which is a canine and 3 
conical incisors, the latter being divided by short intcr\''a1s, as 
* Emmonit, " Am«ricttn Geology, pt. vi., IftAT, p. 93. 
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l>)\\ur jaw anil tcclli uf the Amphithtiuum 
J*rewMtii (twice nat. m»e). 



in Phascolotherium, The specimen is from the Chatham coal- 
field, N. Carolina, and is probably of triassic age. 

Omvs Amphithrrtum {Thylacotheriunu Val) *— This genus 
is founded upon a lew sjK'ciiiK iis of lower jaw. om^ raiuiis of 
which (tig. 1 12) gave the entire ilciitilion of its side, — viz., tluoc 

small conical inci- 
sors (i), one rather 
larger canine (<;), six 
premolars, unicus- 
pid, with a small 
point at one or both 
sides of the l>ase 
1-6), and six (juinque-riispid molars (///, i-6j not dej>ai"t- 
ing very far fix)m the type above described. The niolai-s, 
and most of the premolars, are implanted by two roots. The 
condyle of the jaw is convex, and is a little higher than the 
level of the teeth ; the coronoid process is broad and high ; 
the angle projects backward, with a feeble production inward. 
It is, a<,'ain, to the marsupial Myrmeedbins, amongst living 
forms, tliat the [nesent j^'eniis is most nearly allied. The 
remains of A iiiphifht:ri>im are fi-om the lower oolitic slates of 
Stonestield (hg. 114, stratum 8). 

Genus AMPHiLEST£S.t — This genus is founded on a ramus 
of the lower jaw, from the Stonesfield oolitic slate, shewing 
true molars of a compressed form, with a laige middle cusp 
and a smaller, but well marked, one at the fore and back part 
c»f its base ; the "cingulum," or basal ridge, peculiar to mam- 
malian teeth, travcrs»'s the inner rid<;e of the crown, where it 
ilcvelnjis three small cusps, one at the Irnse of the lari^c outer 
or principal cusp, and the other two Ibrniing the anterica and 
IKNsterior ends of the crown. This form of tooth is unknown 

* Fur the full (k'ttcri^ttioii ami duniunblialiuii uf llic luaniuialiun iiutiin' uf thih 
much-dijtcii«ie«l foMil, mc Owen, HiHtory of Brilinh Fn8»tl MnmnalH, 8vo, p. 29. 
t Ovf n. Hivt. Brit. Fom. Mam., p. 58, fig. 19 {Amphithmum Broderipii). 
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in existing Mttuimalia, but is as well adapted fur crusliing the 
cases of coleopterous insects (elytra of which are found fossil 

in the same oolitic matrix) as are any of the multi-cuspid 
molars ni' s\i\i\\\ ojuissuins, sliri ws, and luits. Tlic Amphihstis 
BriHlerijui was somewhat liirj,'('r than Amjthilln:nuin Pnrnstii. 

Genus Puascolothekium. — ^Although the evidence ol the 
very slight d^ree of inflection of the angular process of the 
lower jaw of Amfhitiu^rium may favour its afifiuity to the 
placental Insectivores, yet the range of variety to M'hich that 
mandibular character is subject in the different genera of 
existing Afarsitpinlw warns us a«r«iinst laying undue stR»ss 
upon its fi't'Mf d('veloj)iiu'iit in the extitiot j;enus ot tin.' oolitic 
epocii, and incites us to look witii redoui)led interest at what- 
ever other indications of a marsupial character may he ])resont 
in the fossil remains of other genera and species of Mammalia 
that have been detected in the Stonesfield slate. 

In the specimen ot PkaseoMhemm (fig. 113), the marsupial 




Fig. 118. 

Lower j«w »nd teeth of the Pkttteailaikmmm (mt. liae in oatline), 

liiiirer Oolite. 

chantcters are more strongly manifested in the general form of 
the jaw, and in the extent and position of the inflected angle, 
while the agreement with the p«»nu8 Didelj>/''/^ in the number 

i»r the prenmlar and molar teeth is coniplet<>. The forms of 
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the crowns of those teeth difier from those in Diddphjis, and 
correspond so closely with those in the A mj^ilestes Broderipii, 
as to shew the closer affinity of the Phascolothere with the 
latter oolitic Jnsectivore; and, accordingly, whatever addi- 
tional evidence of maTsnpiality is afforded by the Phaseolo' 
fheruntf, may be I'ejjardfd as strengthenin*? the claims of both 
A7n2)hih^tt.s and Ampli Ulu rl "m to be [(diiiittrd into tlie mar- 
supial group. The gent l al li >rm and proportions cif 1 he coronoid 
process of the jaw of FhascolotJia ium resemble those in the 
zoophi^us Marsupials ; and especially with that of the 
7%ylacynm in regard to the depth and form of the entering 
notch between this process and the condyle. 

The base of the inwardly-bent angle of the lower jaw pro- 
^nessively inei-eases in Di<hIj)ht/,% Da-^i/un/^, and Th}/Jacinns ; 
and )ud*;iug tVom the fractured surlace of the com sponding 
part of the fossil, it most nearly resembles tlie jaw of Thyln- 
einus. The condyle of the jaw is prominent, and nearer the 
plane of the inferior maigin of the ramus in the Thylacine 
than in the Dasynres or opossums : and consequently, when 
the inflected angle is broken ofl", the curve of the line continued 
from the condyle along the lower mar^n of the jaw is least in 
the Th}lucine. In this particular, again, the Phascolothere 
rcstMnblcs that An>traliaii Carnivore. In the ])08ition of the 
dental iunimen, the riiascoluthere, like the Amphithere, ditlei*s 
from the zoophagous Mai-supials and i)lncental Camivora and 
Insectivora, and resembles the Hypdprymnus, a marsupial 
Herbivore, that orifice being near the vertical line dropped 
from the last molar tooth. In the direction of the line of the 
synii>li\ sis, the Phascolothere resembles the Opossums more 
than the Dasyures or Thylacines. It is probable that the 
teeth at the fore part of the jaw shewed the same eorresj.on- 
dt'uee. lu the number ol the molar series, Vhasn.hitJtrriiuiL 
differs from A rnphltlitrium^ Amphiledes, and Mi/rtmaMKS, and 
resembles the Thylacine and Opossiun, but without having 
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the premolars (j), i, a, 3) Uistinguishetl, in thi'iii, li-oiii the true 
molars {m, i«s>3»4}» by smaller and more simple crowns. 

Tbe lower molai's of Dulelphys shew the addition of a 
pointed tubercle on the inner side of the middle cone: in 
Phascdotherium a mere basal ridge or cingulom extends along 
thfi inner side of the middle cone. Such a ridge is present in 
the last iiiulai ul S^ircophihus, but not in the other molars ; but 
in these there are two small hiixl i ii<j-s ua lla- saiue transverse 
line, whilst that eui>p apj»ear.s to be sin<i;lc in Phascolothrium. 
The cingulum, moreover, in the second t<> the penultimate of 
the molar series of this fossil, extends so far as to form a small 
talon at the fore and back part of the crown ; thus making 
five points, which are very distinct in the third to the penul- 
timate tooth inclusive ; and by this character the dentition of 
Plut.mdofhcrunn difVers nuiterially from any existin*; Mai-aupial, 
and ri'peats tlie type of inolnr whieli, as yet, would seem lo l>c 
peculiar to the ljiM ' fi\ nr;i dj" the oolit ir cjhxIi. Tliere is a 
feeble indication ot ihiis -muiun in the antepenultimate and 
penultimate molars of Thyladnvs^ but tlie liinder division of 
the crown shews two small cusps on the same transverse line* 
besides the rudlmental hindmost one ; and there is no cin- 
gulum. Upon the whole, it would seem that^ though the 
affinity may not he close, Phmcoloiherivm most resembles 
Tfiyhi imis amongst existintr Maimiials ; but TJnflacinuH is now 
confined to Tasmania, and is tin le ta-sl veijiing tn extin( tion. 

The resemblanci* shewn hy the lower jaw and its teeth of 
the Amphithere and rhn^cf ilotherc to marsupial genera now 
confined to Australia and Tasmania, leads one to reflect on the 
interesting coxiespondence between other organic remains of 
the Oxfordshire oolite and other existing forms now confined 
to the Australian continent and surrounding sea. Here, for 
exaiiipl*', swims the ("estracion, or Port-Jackson .^luuk, w liich 
has gi\en tht- key thu nature of the "palates" from our 
oolites, now recognized as the teeth of c«)ugcneri€ larger forms 
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(>r cart ila^i nulls fislu-^, Mr. linxlcrip iibst^rvcs,* "that it may 
iiol be unint€rt'stuig to note tliat a recent sjK>oies of Tvifjonia 

lias veiT lately been 
disco ven;d on the 
coast of Aiistmlia, 
that land of marsu- 
pial animals. Our 
^ specimen lies im- 
bedded with a num- 
ber of fossil shells 
of that f^enus." Not 
only Trig<mi<f but 
Tcrchrnift/a' exist, 
and the latter ab- 
undantly, in the 
Austmlian seas, 
yielding food to 
the Cestracion, as 
their extinct ana- 
logues doubtless 
did to the allied 
Plagiostonies with 
crushing teeth, cal- 
led A cralu.% Psam- 
modiiSy etc. A rau- 
ca ri(€ and cvcadeous 
plants, like those 
found fossil in ool- 
itic beds, flourish on 
the Australian con- 




V\^. 114. 
AfUr Fitton. 

1. Riibbly linu'Hfono (cornbrash). 

2. Clav, with Tercbratulitcn. 

3. LiinoHtone Dck. 

4. Ill no rlny. 

5. Oolitic rock. 

6. Stiff clay. 

7. <K)litic rag, or limestone. 

S. Saii'ly U^d containing the SloncHfield Blate 



tineiit, where mai'supial quadnipeds now abound ; and thus 
appear to complete a picture of an ancient condition of 
the earth's .surface, which has been superseded in our liemi- 

• Z«.ol<)gical .lonrnal. vol. iii.. j». 408, i»l. xl.. isi'H. 
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s|>lu'H' liy otlu-r strata and a hi<,'lur typ«' niaiiiiiialiaii 
ui^gaui2ation. Vi*^. 11 4- iv])i-es*'iits a section of the strata 
overlying the slates whence the fossil mammalian jaws, with 
associated Megaloaaurs^ Pterodactylea, and other oolitic or- 
ganisms* have been obtained at Stonesfield in Oxfordshire. 
The vertical thickness of the strata through which the shaft 
is sunk to the fjallcry is G2 feet; on tlie side <.jt].<»sit<' tlic 
rii^lit liaiid is lu.ukfd the di'i»tli of tlic linrizdiital </allcrv, 
wIk'H' the slate is dug wliioli (•oiitaius the iossils ; ou the 
opi>osit<' side tile strata arc nuiidu rt d in succession. 

Gcniui Stkuf.(h;nathi'S. — This nmnininlian aniiiud. f'mm 
the Stonesfield slate, exhibits a type of grinding teeth distinct 
from that in any of the previously acquired jaws from secon- 
daiy strata, and appears to have 
been a small ve^^etarian or om- 
nivorous fjiiadnijicd. It is known 
by a poilion ot a lower jaw, im- 
bedded in tlie characteristie ma- 
trix, and three molar teeth (fi«;. 
115, a, 6, c). The crown of the 
tooth (fig. 116, B) is of a quadrate ^ > 

* n Ml* i_ 1 a1 mi* iStereognathus : purtion of jaw, im- 

form, 3 milbmetres by 3i milh- t^jed in ooUtie mai& (nat. 
metres, of veiy little height, and 

supports six subequal cusps in three pairs, each pair being 
more el(»sely conne( ted in the untercHpusterior direction of the 
tooth than trans vei-selv. 

Tlie outer side of tlie crown (fig. 1 1 5, 6), supi>orted by a 
biturcate fan«; wluch contracts as it sinks into the socket, 
shews two principal cusps or cones, and a small accessoiy 
basal cusp. The cones are subcompressed, and placed obliquely 
on the crown, so that the hinder one (d, fig. 116) is a little 
overlap]>ed externally by the front one, o, the fore part of the 
base of the hinder one beinij prolon;4ed inwards on the inner 
side of the base of the fixint cone. The two nuildle cones 
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(h, t) are subcompressed latcTally, with the fore part of their 
biise ii little liioadcr than tlie Viack jiart. The two iiim-r coues 
(p, }i) have their iiiuer surface Cdiivcx, witli their sunnnits 

slightly iiicline< I furwanls. The 
fore part of the base of the 
hinder cone is pndooged ob- 
liquely towards the centre of 
the crowi), beyond the con- 
ti«r\ioiis end of the base of the 
] front cone, so as to cause an 
arran<;oment like that oi' tlie 
t \M t < alter cones (o, 6)9 the ob- 
liquity of the posterior cone 
Fig. 116. of both the outer and the 

JStereognathut : upper view of portion inner paixs being such that 

«>f jaw iiitf. hi/I' , ami m.i^rnified view • ». « , 

oi the middle tootlj, JS (Stonestield they slijjhtly conveige as they 

ext.Mi.l lor\var.ls. 

This type of tootli differs fix»ni that of all other known 
recent or extinct Mammals. The nean'st aj>j)roach to it is 
made by the middle lower true molar (iig. 124» m, %) of P/»o- 
hphus vuljpicepHt a small extinct herbivorous Mammal from 
the London clay. 

That the fraf^ment in question is the jaw of a Mammal Is 
inferred from the iMi[>lantation of the tootli by two or more 
roots. Most Mammals are known to havt* certain teeth so 
implanted. Such complex mode of implantation iu bone has 
not been observed in any other class of animals. Why two 
or more roots of a tooth should be peculiar to viviparous 
quadrupeds, giving suck, is not precisely known. That a 
tooth, whether it be designed for grinding hard or cutting soft 
substances, should do both the nioi-e efl'ectiially in the ratio of 
it< lirmer and more cxtemled implantatiitn, is intelligible. 
That a more ])erfect pcrformauce of a preliminary act of 
digestion should be a necessary correlation, or be in hanuony. 
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with a more complete convoi-sion ot tlie foo*l into cliylc and 
blood, — and that such more efficieut tyiio of the wljole cli«^es- 
tive machineiy should be coirelated, and necessarily so, with 
the hot blood, quick-beating heart and qiiick-breathing lungs, 
with the higher instincts* and more vigorous and varied acts 
of a Mammal, as contrasted with a cold-blooded reptile or 
tij^h _is also conceivable. To the extent to wWch such and 
the like itja;»oning may be tnie, or in the tliivi tion of the 
secret cause of the constant i-clati(tns of many-rooted teelh 
discovered by observatioUj — to that extent will such rela- 
tions ascend from the empirical to the rational categoiy of 
laws. 

The interest which the above-described fossil from the 
Stonesfield oolitic slate excites is not exclusively due to its 
antiquity, its uniqueness, or its peculiarity ; much is attached 

to its relations as a test in pala (•iitolugy of the actual vahie of 
a single tooth in the determination of oth^r pati-> «•!' the 
organization of the animal. According to our opinion of these 
unseen parts, we fmme our expression of the nature and 
affinities* or of the place in the zoological system, of the 
extinct species. From the resemblance of the lower molars 
of Stereogna^tts to those of PUolofkita, which, though not 
dose, is closer than to the teeth of any other known animal, 
it is probable that tlio Stcrco'jnathuH was hoofed, and conse- 
qiKMitly li( rliivnidiis. or deriviU'; the oliicl" jiail of its subsis- 
tence from tlie vegetable kingdrun. Cuvier has written, — 
** La premiere chose a faii-e dans letude d'un animal fossUe est 
de reconnaitre la forme de ses dents molaires ; on determine 
par 1^ s'il est caniivore ou herbivore, et dans ce dernier cas, 
on peut s'assurer, jusqu'^ un certain point de Tordre dlierbi- 
vores auquel il appartient"* In the case in question the 
form of the molar teeth of one jaw is recofrnizable, Inil the 
licrbivority of the fossil is not thereby deieruiined. We can 
* OHeneM Fossiles, 4to, torn, iii., 1822, p. 1. 
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only inter it to In* inort* probable that the lussil wad a Herbi- 
vore than an lns<;etiv(in' (ir a mixed-feediug Carnivore. 

Admitting the herbivority of the fossil, it is not certain 
tliat it was hoofed ; there is nothing in the form and structure 
of the tooth to prove that Both form and structure are 
t<nnpatil»le with the bootless niuticate type of herbivonjus 
Mannnal, n> >li(-\vn by tlie Manatee ; it is the small size of 
the S(e;ro;/>i'f/li I's which R'ndei"S it less pnibable thai it was a 
diminutive kind of Manatee, and moi"C pmbable that it was a 
diminutive form of Ungulate. But seeing the manifold 
diversities of the multi-cuspid form of molar teeth in recent 
and extinct insectivorous uuguiculate quadrupeds, it is not 
impossible but that the Stereo^nathm may have belonged to 
tliai order ; thei*e is no known physiolo<;ical law loi bidding it. 

Tlie form of tlie cusps, and their regular symmetrical 
arrangement in the Stercoffiwthvs, as compared with the kuown 
modifications of umlti-cuspid molars in certain small extinct 
forms of hoofed quadnipeds, constitute the sole ground upon 
wliich an opinion is formed of its most probably belonging to 
the same section of Ungulatcu But nothing is known of the 
<;omi>anitive anatoniy of the family of quadrupeds to which 
tlie Skfi > </,)/(/ /uts belonged. Its pccidiai tyjx- »)f gnnding 
tootli may have been combined with modifications of the 
skeleton so far difterent from those of any now known, as to 
have constituted a peculiar marsupial family with a type of 
skeleton as distinct as that which Cuvier inductively studied 
in the feline Camivara (fig. 160), and in the ruminant Herbt'^ 
fHfro (lig. 161), whereby he was enabled to enunciate that 
beaut i fill law of tbe "coiTelation of forms and stnictures,*' the 
application of which will be sid»se((uently illustrated. 

lu the ratio of tlic knowledge of tbe reason of the coinci- 
dences of animal structuiw"^ — in other words, as those coinci- 
dences become ** correlations'' — is our faith in the soundness 
of the conclusions deduced from the application of such law. 



Digitized by Google 



8TERE0GNATHUS. 



34!) 



A knowledge of the physiological conditious governiiig the 
relations of the contents of the cavities of honos to the flight 
aiul other modes of locoiiiutiou in birds, butli < iiaMc(l tlie 
writer to infer t'nuii one fragment of a skeleton that il belonged 
to a terrestrial bird deprived of the power oi flight, and to 
predict that mch a bird, but of less lapid course than the 
ostrich, would ultimately be found in New Zealand.* 

Certain coincidences of form and structure in animal 
bodies are determined by observation. By the exercise of a 
higher faculty the reason, or a reason, of these coincidences is 
disi oveicd, and they become correlations ; in «»t]ii i ^\ (ll(ls. it 
known not only that they do exist, but how they an- n latrd 
to each other. In the case of coincidences of the latter kind, 
or of "correlations" properly so called, their application to the 
reconstruction of an extinct species is more easy and sure 
than in the case of coincidences which are held to be constant 
only because so many instancps of them have l>een observed. 
The ajijilication <A' the latter kiinl of coiin i^k-nees in limited 
to the iu'tual aniount ol observation of them. 

The consciousness of that limitation led the enun( iator of 
the law of correlation to call the attent ion of palaeontologists 
expressly to the extent to which it could then be applied, as, 
for instance, to the determination of the class, but not the 
order ; or of the order, but not the family or genus, etc. ; and 
to cant i< '11 tlu la also as to the extent of the cases in wliii li, 
til*' t •linci.leiirps being only kii<>\vn empirically, lie enjoins 
the jRcessity of further observation, and ol caution in their 
induction. Cuvier expresses, however, his belief that such 
coincidences must have a sufficient cause, and that cause once 
discovered, they then become correlations and enter into the 
cate gory of the higher law. Future comparative anatomists 
will have that gi(»at consummation in view, and its result, 
doubtlessly, will bo the \ Ludication of the full value of the 
* Tnui^actioiih nfthi' /(M>|ngical SM-k-ir, val. hi., p. '.i'J, pi. 'A, 



Digitized by Google 



350 



PAUiOJiTOLOGy. 




law ill the iiiii i jaeUitiuii of fossil i-eiuaius as dufiiieJ by the 
illustiiuu.s l<»uiiiier oi paluoiitoio^y. 

Genus »Spala( otherium, Ow.— The next stratum overlying 
the older oolites in which mammalian remains have been 
detected, is a member of the newest oolitic series at Furbeck, 
Dorsetshire, called the marly" or ''dirt-bed;" they have 
been described under the name of SpaUteotherium* trieuspidem. 
The specimen here seleeted (fig. 117) to exeui])!!!'}- the species 

is a l iu'lit raiiius of tli(; lower 
jaw. Tlie posterior half eon- 
tains four teeth, and, instead 
pj^ ],7 of shewing the compound 

SpaUicotherivm trictupuUnM (twice Bat. structure which that part of 

Purbeck bed,. ^^^.^ ^ 

tribe, it is undivided. The crowns of the teeth are Iohl:. nar- 
row, and tricusiud, tin- inner part of the crown beini: pitMluced 
into a |»oint botli before and behind Llie longer cusj) whieli forms 
tlie chief outer division of the crown. Eacli of these teeth is 
implanted by a fang divided externally into two roots» in a 
distinct socket in the substance of the jaw. The multicuspid 
crown, the divided root of the tootli, its complex implantation* 
and the undivided or simple structure of the ramus of the 
jaw, all Concurred, therefore, to })rove the mammalian natnre 
of this fossil. Other s]h ( iii)< iis shewed tlrat the ^Sjudatv- 
therium bad ten molar teeth in each ramus of the lower jaw, 
preceded by a small canine and incisoi-s. The anterior molars 
are compressed, increase in height and thickness to the sixth, 
and from the seventh decrease in size to the hindmost^ 
which seems to be the last of the series. ' The sharp multi> 
cuspid character of so much of the dental series as is hem 
jireserved, rciM jits the l^i ik ral condition of the molar teeth of 
the small iusectivorous ^lammalia in a striking degree : one 
sees the same perfect adaptation for piercing and crushing the 
* From rr«A«^ a mofe; Aifin, a beagt. 
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tough cljitinous cases aud elytra of iiisecU. The particular 
luodificatioD of the poiuted cusps, as to number, proportion, 
aod relative position, resembles in some degree that of the 
Cape mole {Chryiochlvra aurea\ but both in these respects 
and ill the uuinbpr of molars, tlic dentition accords more 
closely with thai ul the extinct ^\ in jJtitJunnm. The chief 
iutere.->i iu the di.scoveiy of tlie SjHilacothcrium is derived 
from its deiuoiistratiou of ihu exiatcuco of Mammalia about 
midway between the older oolitic and the oldest tertiary 
periods. 

Both the Oxford oolitic slate and the Purbeck marly shell- 
beds give evidence of insect life ; in the latter formation abun- 

d iiitly. i lie asswiation of theae delicate Invertebrata with 
leiiiaius t'l" jilaiits allied to Zanii" :iinl C't/cas, is indicative of 
the Siinie rh>-r intenlei)endency l)etweeri the insect chiss and 
the vegetable kingdoni, of which our power of sun eyin^' the 
phenomena of life on the present surface of the earth enables 
us to recognize so many beautiful examples. Amongst the 
enemies of the insect class ordained to maintain its due nume* 
rical relations, and organized to pursue and secure its count- 
less uuvl divei^sified niendjers in the air, in th«j waters, on the 
eai-th and heneatli ils surface, hats, lizanis, shi-ews, and moles 
uow tarry on their petty warfare simultaneously, and in 
wanner latitudes work together, or in the same localities, in 
their allotted task. No surprise need therefore be felt at the 
discovery that Mammals and lizards co-operated simultan* 
eously and in the same locality at the same task of restraining 
the undue incivase of insoct life duriug the period of the de» 
^Mjsition of tilt' T><t\v( 1- rmbcck beds. 
Gnm.'i Tricunodon, Ow. 

Sp. Trieonodonmordax, — ^This name is pro}>o$ed for a small 
zoophagous Mammal, whose generic distinction is shewn by 
the shape of the crowns of the molar teeth of the lower jaw, 
(fig. 118), which consist of thn'e nearly eipial cones on the same 
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]oiigitudmal row, the middle one being very little lai^ger thau 
the fix>nt and hind cone ; and these cones are not complicated 
bv any cingulum or acoe^oiy basal cusp. The convex con- 
dyle is below the level of tlie alvtHjll, 
is ]K'iluiicul;iti-, iiiiil tliciv is no angu- 
lar |m>ccss jui'jtHjiiiig heuoatli it. The 
coniiioid process is bmacl and higli. 
Jaw nf Tricmod.m monlax ^'j^b iu hinder point not extended «<» 
(»at. M*« j, I'urbeck. ^ oondylc ; the depression 

marking the insertiun of the temporal muscle extends nearly 
to the lower border of the jaw. There are the obscure remains 

»if thnte broken ineis«)r«i, and the point of appannitly a eanine; 
next come tlic two >tniiips. f)r Inuki'ii mots of a small pii*- 
niolar ; tlu'U the crown of a scrond doiibk-rooted jireniolur, 
\vliie1i shfw a principal eont> and a small auterior cusp; the 
ni xt toutU is wanting; then theR* is a large premolar, with 
the two fangs raised some way out of their socket : the crown 
of this tooth shews a principal cone, with a small anterior and 
large posterior talon ; it rises, apparently from partial dis- 
placement, higher than the succeeding molars ; these are three 
in ninnber, and pit s»'nt the eliaracteristie tlnve-ooiicd structure 
jtlrvmly ilt..>cribcHi ; each cone is smooth, and eonvex exter- 
nally. The three cones seem to answer to tlie thix^e middle 
or principal cones of the molars <»f AmpiUUiilu Phascolo- 
(heriumf but the front and hind cones are raised to near 
(Hjuality with the middle cone in Trteomdaa, 

The lower jaw of this species, in the relation of the con* 
flyle to the lower border, resembles that of Phascoloiherium 
more than that of Amphilherium, Init it differs from both ; 
there is not the ^ame gradual curve from the ( uudyle to llie 
syuiphysis as iu PhascohtJur(>rm and the condyle, besides 
being on a lower level, is divitlc <l by a less deep notch from the 
eoronoid pro^'oss. Tliis process is lai^jer in pro[iortion to the 
entire jaw ; appitiaches more nearly to the quadrate or rhnm- 
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iKiid t'oiiii, tlie uj)|>('r Uunlcr being less curvecl ; it alluiils a 
more extensive surface of atUvchinent to the priucipal biting 
muscles than in most predator}^ extinct or recent quadrupeds. 
This character, with the depth and strength of the jaw, sug- 
gested the specific name. From the shape of the exposed part 
of the ramus, we may conclnde that the part answering to the 
an^le is bent inwards, and that Trieonodon was a ireniis of the 
marsupial order. Tlie speeinien was diseovered l»y Mr. I'mci^Ios 
ill the same "dirt-bed" at ruibeck as that iu which <S/Wac'w- 
thii'ium w as tbund. 

(icnu^'i Plagiaulax,* Fr. — Tlie most remarkable of Air. 
Beccles' discoveries in the above formation are the mammalian 
jaws indicative of the genus above named, of which two species 
have been determined by Dr. Falconer. 

Sp. Plagiaulax Becclesiit Fr. — ^Two specimens exemplified 
the shape and pro- ^ 
jKirtions otthe ent ire 
jaw ot" this species 
(fig. 119). The fore- 
most tooth (t) is a (y 
very large one, 
shaped like a canine, 
but implanted by a 
thick itjot in the 
fore ]»art (if the jaw, like th.- large lower incisor of a shrew tu 
wombat. The three anti rior teeth in jdace have comjaessed 
trenchant crowns, and ra})idly augment in si/e from the fii-st 
( t) to the third (4). They are followed by sockets of two 
much smaller teeth, shewn in other specimens to have sub- 
tubercttlate crowns resembling those of MieroUsiea. The llEuge 
ftont tooth of Plagiaulax is formed to pierce, retain, and kill ; 




Fig. 1 19. 

Plagiaulax BeocUni (twice nat. nse), Purbeck. 



* An abbremtion for jnagknUaeodon, from wXdymt oUtgitf, and mixiH, 

groorc ; having reference to tlio diatronal [rmoving of the premolar teeth. "IVo- 
ceedings of the Geological Society," March lb57, p. 261. 
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the sucrecdini,' tt'cth, like tlio carnassials ol ( 'ai iii\ «»in, an-, likt* 
the blatlcs of slicars, adapted to cut and divide .s<jt"t sul>staiK'fs, 
such as Hesh. As in Carnivora, also^ these s< ctorlal teeth are 
succeeded by a few smull tubercular ones* The jaw oonfonns 
to this character of the dentition. It is short in proportion to 
its depth, and consequently robust, sending up a broad and 
hif*h coronoid process (h), for the adequate grasp of a large 
temporal iiiusc lc ; an<l the condyle (r) is placed below the 
level of the grinding; teeth — a character unknown in any 
herl>ivorous or mixed-feeding Mammal : it is pedunculate as 
in the predaceous marsupialia, whilst the lever of the coronoid 
process is made the stronger by the condyle being caiiied 
farther beck from it than in any known camivormu or herbi- 
vorous animal. The angle of the jaw makes no projection 
below the condyle, but is slightly bent inward, according to 
the niai*su}iial type. 

Sp. FlarfiaiUtuc minor, Fr. — In this .spe( ies the first pre- 
P molar (fig. 120, p, «) is pre- 

r >^ served ; the rest (p, s, s, and 4) 

shew nearly the same shape and 
proportions as in P. BeeeUsii, 
The first molar (tw, i) has a 
^^^j2o VnT)ad de]>ression on the grind- 

Pia^iOaarwinor (four times nat. Hiz.- . ing surface, surrounded by 
Parbeck , after LycU). tubercles, of which thlCC aie 

on the outer border; the marginal tubercles of the second 
molar (m ») are smaller and more numerous. 

In the general shape and proportions of the large premolar 
(/>, 4) and succeeding molars, Pla/p^mloas most resembles 

Tlnihit'nJro (fig. 173, j\ VI I ami 21, — a nuich larger extinct 
predaceous Marsujiial tVom tertiary beds in Australia. l>ut 
the sectorial teeth in Floffiaulax are more deeply grooved ; 
whence its name. The single compressed, premolar of the 
kangaroo-rat is also grooved ; but it is differently shaped, and 
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is succeeded by four square^rowned donlile-rid^'ed grinders 
.ulayitod for vegetable food ; and tlic jKisition of tlie condyle, 
til'' sh uderness of the cnronoid, and otlier obamet^rs of tlie 
lower jaw, are in conformity to that regimcu. Jn Thylacolco 
the lower canine or eaniue-shapetl incisor projected ftom the 
fore part of the jaw close to the symphysis^ and the correspond- 
ing tooth in Pltufiaulax more closely resembles it in shape and 
direction than it does the procumbent incisor of Hypsijmjmnus. 
From this genus Plagiavlax differs by the obliquity of the 
grooves on its prcmohirs ; by liavin;,' nnly two true molars in 
each mnms ol the jaw, instead of four ; by the salient angle 
which the surfaces of the molar and premolar teeth form, 
instead of presenting a uniform level line ; by the broader, 
higher, and more vertical coronoid; and by the veiy low 
position of the articular condyle. 

The ])hysiological deductions from the above-described 
characteristics of the lower jaw and teeth of Plaffianlcu- are, 
that it was a carnivorous ^larsnjual. It innliably found its 
prey in the contemporary small insectivorous Mammals and 
lizards, 8upi>osing no herbivorous form, like SOreognaiJimp to 
have co-existed during the upper oolitic period. 

In the Woodwardian Museum at Cambridge is a specimen 
of anchylosed cervical vertebree of a cetaceous animal as larger 
as a gi"ampus, but presenting s]iecitic distinctions from all 
known recent and fo>>il s]m rjr^. It is state<l t<» have been 
found in the bi-owu clay or '* till " near £ly ; but in its petri- 
fied condition, colour, and specific gravity, it is so different 
from the true bones of the till," and so closely like the fossils 
of the Rimmeridge day, as to make it extremely probable that 
it has been washed out of that formation. 

No evidence of the mammalian class has yet been met 
with in th<' rhalk U tU. 

The examples of the Mammalia of the oldest teiiiary 
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strata are the Ooryphodon and Paiteocycn^ respectively ropre- 
senting the ungulate (herbivorous) and ungnicnlate (camivor- 
ous") iiiodiHf atidiis ot" the wavti-lauiiiod section of ihe class 
{(} i/rt nr. • tlieir remains have been touiiil in the plastic 
clay and etiuivalent lignites in England and Irance. 

Genus COBYPHODOK, Ow. — llju-ely has the writer felt more 
misgiving in regard to a conclusion based, in pakeontology, on a 
single tooth or bone, than that to which he arrived after a study 
of the unique fragment of jaw with one tooth dredged up ofT the 
Essex coast, and on which he founded the genus Coryphodon,* 

The iiuuked contraction of tlie part of tlie jaw near one 
end of the tooth seemed, at first \ it w. clearly to sliew it to he 
the narrower fore part of the ramus ; iu that case tlie tooth 
would have been a premolar, and of comparatively little value 
in the determination of a genus or species. But a closer in- 
spection shewed the line of abrasion of the summits of the two 
transverse ridges of the tooth to be on one side^ and the gene- 
ral law of the relative apposition and reciprocal action of the 
upper and lower tjrindeRs in tapiittid Pachyderms determined 
that tlitise obiitpie linear abrasions must be on tin- liiuder 
side of tlie ridges. The smaller and more obscure characters 
carried conviction against the showing of the larger and more 
catching ones. So, in determining the position of the nautilus 
in its pearly abode, when the animal without its shell was 
first brought to England in 18S1, the reasons afforded by some 
small and inconspicuous parts in like manner outw eighed the 
first impressions from more oV)vious a])j>earances, as well as 
tlie bias frnm tlie general analogies of testaceous Univalves. 
Some contem]H)i*arv naturalists asserted, and for a time it was 
believed, that the nautilus had been put upside down in its 
shellft just as some contemporary anatomists surmised that 

' History of Briti?.l> Fossil Maminalft, Svo, p, 299, figt. 103, 104. This 
specimen is now in tiic Hritish MuHcum. 

t In plate i. of tk« writer's Memoir of Ibe N*iililaii, 4to, 1832. 
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the writer had mistaken the fore for the l'a<_k jmrt of the jaw 
of his Conjphodon, whieli, in tliat case, might only he the 
known Lophiodm, lu both instances the conclusions Ibimded 
on the less obvious characters have proved U) be correct And 
tlie writer would remark that^ in the course of his experience, 
he has often found that the prominent appearances which first 
catch the eye, and indicate a conformable conclusion, are 
deceptive ; and that the less obtrusive phenomena which 
i"e<|uire seuK liin»; out, more fre([uently, when their full sijiui- 
ticunce is reasuned up to, guide to the l ii^lit ( Minpiclirii-^ioii ui 
the whole. It is as il' truth were whispered lutlier than out- 
spoken by Nature. 

A fossil canine tooth,* brought up from a depth of 160 
feety out of the ** plastic clay,'' during the operations of sinking 
a well at Camberwell, near London, belongs, from its size 
(near 3 inches in length), to a large (piadruped, and, from the 
thickness and shoilness of its conical crown, not to a carnivoi"^ 
ous hut to a hocifed Mammal, mo.sl rc^rinLling in shape, 
though not identical with, that of the crown of the canine 
tooth of some large extinct tapiroid Mammal?, wliii h Cuvier 
had referred to his genus Lophiodtm, but which has since 
proved to belong to GoryphodovL 

The last lower molar of Lo^iodm has three lobes ; the 
corresponding molar of Corypliodon resembles that of the 
tapir in the absence of a third lobe. It [jresents two divisions 
in the form of transverse ridges or eminences, the front ridge 
being tlie largest, and with its edge most entire. From the 
outer end of each division a ridge is continued oblicpiely 
forward, inward, and do\vnward : the anterior one extends to 
the antero-intemal angle of the base of the crown; the 
posterior one terminates at the middle of the interspace be> 
tween the two chief divisions of the crown. The trenchant 
summit of the anterior ridf?e is slightly concave towaid thp 
* Hist. Brit. Fuho. Mamin., p. 306, lig. 105. 
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fore jiart of ike tootli» iu that of LopkwdAm ; bnt its outer 
and inner ends rise higher* and appear aa more distinct cones 
or points ; the posterior ri(1>,'e shews three ]K>int8 ; whence 

the g*'iiuiic name of Corjfphidon. 

Jxnne loplnutltuitiiid lo&.-^il.-^ tVoiu the li!^'r!it4*H ftf Suissou.s 
and I^Kin, aiul troiii the plastic clav ot" Meuduu in France*, 
including the upi>er molar tooth figured in the oha])ter of the 
Becherches sur les Ossemens fossiles^" entitled Animaux 
voisins de Tapirs,** pL vii, fig. 6, belong to the genus Cory- 
plbodoiL Guvier states that the entire skeleton was found, 
indicative of an animal as long and almost as large as a bulL 
Both the lower molar fnjm Harwich, and the upper one fn^iu 
Soissi.iis, indicate au animal of at lea.st double the siise of the 
American tapir. 

Pix»fes.S(?r Hebert has recently described a very instructivo 
series of teeth and bones from the oldest eocene deposits in 
FiTuice, which he refers to a smaller species of the genua 
Coryphodcn:^ the last molar is identical in form with the 
tooth from the plastic clay of Essex, on which the genus was 
originally founded. 

Of nils I'lJOLOPHl'.s, ()w. — The most complete and instruc- 
tive example of a Mammal from the next overlying division 
of the eocene tertiaries, viz., the "London clay," is the Pliolo- 
phus wdpiceps. It is a hoofed Herbivore, but presents a denti- 
tion not exhibited by any later or existing species of MammaL 
The characteristics of the skull (fig. 121) determine the 
hoofed nature of the species, and its a£Qnities to the Perisso- 
dactyla, or the order of Ungulata with toes in otld number. 
The extent niitl wcllHlefiiK'd boun<hny rif tlie tempoml fossic 
by the occipital (^3), parietal (7), and }M»st-fVontal ritlgcs, and 
their free communication with the orbits, give almost a cai^ 
nivorotts character to this part of the cranium ; but as in the 

* (^>mpte8 ReuiluK tic TAcaJ. dvs Sciences, Paris, UOtli Jiiuuarj i?i57 
{(Wi/jiftodoH Ouenif Herbert). 
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hug, hyrax, and paUi^tbere^ the greatest cei'obral expansion U 
at the middle and toward the fore part of the fossw» with a 




Fig. 121. 

Skull of FUolopkiu mtfptbe/M (haU nat. sixe), London olay. 



contraction toward tlie dccijuit ; the brain-case not continuing 
to enlaige backward to beyond the origin of the zygomata, as 
in the fox. The zygomatic arches have a less outward span 
than in the Camiwm. In this part of th€ cranial strncture 
Pliohphm resembles PakBotheriim more than it does any 
existing Mammal ; but the post-frontal processes are longer 
aiul iiKac iiicliiioil baikwani. The iiict)iiii)lt t('ii('ss of the 
orliit ocfiirs in both AiwplutJicrium and Po/a of/u riuniy as in 
Hhiiwceros, Tapirus, and the hog tribe ; but in the extent of 
the deficient rim, PlwJojihus is intermediate between Pa/a»>- 
ikerium and Tapitus, The orbit is not so low placed as in 
Pakeotfurium, T<^rm, and Rhinoceros, nor so high as in 
Hyrax or Sus, The straight up^^er contour of the skull 
(7 to is) is like that in the horse tribe and Hyrax, and diflers 
from tin* cnnvcx rontour of tlie same part in tlu' Anoplotlieiv 
and I'ala'otht'rL-. Tlie size <»f the autorbital foramen {(t) 
indicates no unusual development of the muzzle or up]»er lip. 
In the contormation of the nasal n]>ertui'e by font liones (two 
nasals* i5> and two pi'emaxiliarics, the i'lioloph resembles 
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the hovt^, hyrax, hog tribe, ami auoy)lothere, and d if fere fnnu 
the rhinoceros, tapir, and palicotliere, which have the maxil- 
laries, as well as the nasals and premaxillaries, entering into 
the formation of the external bony nostril* 

The ungulate and herbivorous character of Plwhphm is 
most (lislinctly marked bv the modifications of tlir lower jaw, 
especially by tbe relative <liiiii'ii,>iuii8 itt" tli<.' jiarts of tlio 
asceudiug ramus whii h give the extent of attachment of the 
biting (temporal) and grinding (masseteric and pterAgoid) 
muscles respectively. In the shape of the mandible Pluh- 
loi)hus most resembles Tapirus among existing; and the 
Palmotherium among extinct, Mammals. As in almost every 
species of eocene quadmyied yet discovered, the Pliolophus 
presents the type-deutition of the pluceutul diphyodoiit 
series, viz. — 

These symbols signify tliat there are 3 incisors, 1 canine; 
4 premolars, and 3 molars, on each side of both upper and 
lower jaws, making 44 teeth in alL The ** incisors" are the 
teeth implanted in the premaxillary bones (fig. 121, «), and in 

the opposed end of the mandible ; the " r mine" is the tooth 
in the maxillary (ifK n) neari'st the t.uliut? with 22, and the 
opposing tooth in inainlilile : it is nsually long ami puiutetL 
The "premolars" are those teeth, at the fore part of tlie grind- 
ing series, which succeed vertically (iig. 122, p hhi» 4), and 
displace the deciduous or milk-molars (ib^d i,h%4). The 
molars" are those at the back part of the grinding series 
which succeed the milk-molars and each other horizontally, 
one behind anotlier, without disjjlacing any predecessor (?7^,, 
//< I, 2, 3). In all non-niarsu|iial iiiaiinnais — tlie mnjority of tlie 
class — -which have two sets of teeth, milk and permanent, the 
sineiul kinds do not exceed the numlieis above defined : but 
only one or two genera, e,ff^ and Gymnum, now exhibit 
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tlie full c(»iiipli-iiit ni : tlius in tlir U ijrax (\'\'^. 122) the (•aiiines 
are wantiiiu. ami tlit iv is> but oue iiicijjor (i), which, however, 
is of larj^e size in each 
premaxillary. lu the 
elephants the incisor be> 
comes a tusk (fig. 147) ; 
in the Rodents (fig. 1 G5, i) 
it acts as a chisel ; in 
the tapir the first pre- 
molar is wanting (fig. jjig. 122. 
Ill), and other nio<lifi- Deciduotii md ^mAnent dontituMi, apper 
cations, chiefly by defect ^*^* ■^*'**'' 
of number, are manifold among existing species. But in the 
earliest known placental mammals the type-dentition, as for- 
muliAcd in PlidophuSt was the rule, and has been manifested 
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OUIBIIA. 

Aiirltih^jiliM % 

/Jof/m'oJvn 
ClutroiKtUtiitm . 

i'/i'i /•(fi/K'I'KM 
Putlil'tidii i'l Kill 
III j>j 'I'll l/U« 

Ilij'jiot/in'ium . 

liipparioH 

ffettrokyu* 

Entelodwi 

Hgmmdon 

Pterodvn. 

Arctocyon 

(iiihtliiflax 

Amjihicifon 

Clutrotlierium . 

RlMgatherium 



IMRMATIONK. 

Cakaiiv ^M<..-..Hier dc BtttignullvR. 

MiiKelif tie Moissjir. 

Calcain- lac list ii- tit* Coiininn. 

Paris j;yi>r.iuii, ami Biustcad. 

Calcnin- haustiv, Siui^un. 

EtKA-iK' (iiii)K-r/), N. America. 

Mij>ci!iu', St'wulik liills. 

Miocene d'Eppelslieim. 

Mames fluviatiles de Cacnron* 

Miocene, Sewalik HilU. 

lagnites de Sousonnak. 

Eootoe aup^rieure da Qard ; Honlwell. 

Idgnitea de D^bnige. 

Eocene iii£Meiire k la Vfere. 

Paris 

MitK'eiie de Sansaiu 

MicRvne de Ikmrbonnaitt. 

Eoeeiie of Mauriimout, Switzeriand. 



The incisors iu Pliolophus are small aiul e(j[uable (tig. 1 2], t). 
The canines c) are of moderate length, are separated by a 
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Fig. 123. 

True moUra, upper jaw (twioA n«t. 
rise), Pliohghm. 



Fig. 134. 

True molars, lower jaw (twice 
net. rise), PUdophm. 



vacant space from the outer incisors, and by a longer interval 
from the first premolars,^ i. The grinding teeth increase in 
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.size to the i»eiiultiniatc inului in the ui'i-fi. and i<> tlio laat 
molar, m 3, in the lower jaw, which toulh lia£> a thirtl lobe. 

la the last premolar upper jaw (fig. 123,^^ 4) the two out«;r 
cones resemble those of the true molars ; but there is only 
one inner cone, and the crown is triangular. A ridge is con- 
tinued fi»m the interspace between the anterior talon (e), and 
the outer anterior lobe obli([ueIy inward and backward to the 
inner lobe, swelling into a small tubercle ui the middle ui itii 
course. 

The first molar (m 1) presents four low thick cones, two 
intenial and two external : each external cone is connected 
with its opposite internal one by a low ridge, swelling into a 
tubercle at the middle of its oblique course The second 
molar (in z) is similar to, but rather laiger than, the first ; 
the tubercle on the oblique ridge connectini: the two front 
I'ibi s is less dnvelo]>eti. The cingulum is »>l>lit< rut€d on the 
inner side of the iM)Steriui lobe, Tlic last molar is rather 
narrower behind than m % ; the tubeR-Ie on the anterior of the 
oblique connecting ridges is smaller : that on the posterior 
ridge is almost obsolete; 

In the last lower premolar (fig. 124,^ 4) the division and 
development of the anterior lobe give rise to a pair of cones, 
one external (a), the other internal count t ted aulenorly 
by a basid rid^^e, in front of w hich is the fore part of the 
cingulum. The low posterior lobe (c) shews the rudiment of 
a second internal cone (^0- 

The first lower molar (fig. 124, m i) has a pair of fiont 
lobes and a pair of hmd lobes, with an oblique ridge con- 
tinued from the postero-intemal lobe to the interspace between 
the front pair. 

Tlic second molar [ni i) shews an iucmise of si/r ; Imt 
its cliief and most intoit?stiug modihcation is the develojjmcnt 
of a tubercle {€) between the two anterior lobes, making 
three cones on the same transverse line, and thus reiieating the 
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cliiirsicter of Xhe iiiolai tooth of StereOffnathiLH (fig. 125, e). 
Till' nlili(jii»' rlih^v tVoiii the outer and liinder lnl>e {<■] abuts 
agaiust the mti^ruieiliate tubeiele V). The nearest approaeli to 
the aTxwp dentition is made by tlie extinct 
I Hifraeothtrium;* also a fossil from the Lon- 
don day. 

The third trochanter on the femur of 

Pliolophvs, and the association of three meta- 
tarsals in one portion <»f the matrix, as it' be- 
''^^ JJjJ^ ^'**^*Monj,nng to the same hind foot, confirm the 
rfogiuuk ui ooli- perissodactyle aftinities of that genus as 
shewn by the skulL 
Plidophm and HymooOurium form a well-marked section 
of the odd-hoofed herbivores which preceded the paheotherian 
family in time, and retained more of the general ungulate 
type. This i.s slicwn by the graduation of the tapiroid 
modification of the molar tt cth into one more nearly resem- 
bling that of the AiUliraruthcria and Cheer opotami^ by the 
absence of the postero-internal cone on the ultimate premolar, 
by which all the premolars are, as in artiodactyles, less com- 
plex than the true molars* by the form and position of the 
nasal bones and by the structure of the external nostril 

Oenm Lophiodon, Cuv. — In the year 1 800 Ciiviert first 
announced the discovery of the fossil remains of a (piadnii'ed 
alli' d t(» and of the size of the tapir, in the laeiistrine de]H»>its 
of the ^lontagne Noir, near Issel, department of Aude in 
Languedoc The outer incisor of the lower jaw was shortened 
to give room to the longer corresponding incisor above, as in 
the tapir ; the canines offered the same proportional develop- 
ment ; but the three premolars of the lower jaw presented a 
more sim]>le structure, having the crown compressed, and 
lorming two cones, the fix)ut one being the largcist; — iu short, 

• Hist. Brit. Fo88. Mamm., p. 419, 6g8. 165, 166. 
t Bttll«ttn des Sciences, Furin, NiToee, an. Tiii., No. 34. 
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a structure, the type of whicli is presented only by the fii-st of 
the three premolars 1 39, j> i) in the genus Tapirus. 

Yeats elapsed ere Cuvier obtained clear evidence of the 
stractoie of the npper molars of this new fossil MammaL 
Such detached teeth as had been obtained from the fresh- 
water formations near Tssel were referred, owing to the way 
in whicli tlit v di partiMl frniii the type ot' ihv upper iiiolur 
teeth oi' tlie Tcj'tr, t<» tlic p-iius Rhinuvcros. Tliis fact is 
indicative uf the auuectant attinities of the Lojjhiodon in the 
perissodactyle series. Besides the charsicter of form, the 
upper molar series of Loj^iodon differs, like the lower one, 
from that in Tapirua, in the greater simplicity of the last two 
premolars; these teeth have a single cone on the inner side 
in Lophiodon ; they have there two cones in Tnpirtis {\v^. 139, 
p 3 and 4 furiiiinji; the inner tenninatiitus t»t" two tiaii^vcnse 
ri(l;^'»'s, as in the true iiiolai-s. By tlie moditit iitions of these 
teeth, Lophimhrn indicates tlie transition to the Rhinoceros 
type, towards which the PalHK>therium offers the next step. 

OmM PALiBOTHKRiuif, Cuv. — This extinct genus of quad- 




Fig. 126. 

Bettontum of the MapcMMM (Eooene Gjpw). 



raped was restored (fig. 126) by Cuvier through a series of 
admirable inductions^ ultimately verified by the discovery of 
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a nearly complete skeletou. Tlie fossils have been olitained 
chiefly from the upper eocene gypseous foimation at Mont- 
martre and other parts of France. Though the molar teeth of 
Palasotherium (fig. 127) resemble in shape and the pattern 

of the grindinpf surface those 
(»f the rhiiKufros (fig, 14-8), 
ciitiiT' (Iciilition in the 
number, kind, and general 
anangement of the tcctli, 
agrees with that of Pliok^m, 
TheskuU affords indications 
that the Pdaeothere possessed 
a short ])roboscis. It had 
Fig. 127. three toes on each foot, each 

Vpfer mA»T, Flakeotherium magHum terminated l»y a hoof; the 
(Locene). 

middle one being the largest. 
The femur had a third trochanter, and the dorso-himl)ar verte- 
braa were 21 in number. Several species of PaloBothervum 
have been determined, ranging from the size of a sheep (P. 
eurtum) to that of a horse (P. ma^um)» Fig. 127 gives the 
grinding surface of an upper molar of this species from the 
upper eocene of the Ik^nbridge beds. Isle c»f Wight. The 
crown is divided into an anterior (/", h, tl\ and j)osterior (/, rr, r) 
part by an oblique lissure (r), continued from near the middle 
of the inner surface of the crown obliquely across two- 
thirds of the tooth. Each division is subdivided partially 
into outer (a, h) and inner (e, lobes; the anterior division* 
by the terminal expansion (t) of the fissure (e), the posterior 
one by the fissure ig). The lobes (e and are bordered near 
their base by a ridge. This is the type of grinding surface, 
on which ai-e supei inthiced the mo<liii« ations of that surface 
in tlu' n}tjM'r molars tif tlic rliinoeems and horse. The dental 
formula of Palaothrriv m is i c p vi '^f^^=^\;. The 
canines exceed in length the other teeth, and there are con- 
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.sfipa-ntly \ acaiirics in tlip (Iciit.il se ries Inr the lodgment ol* 
the crowns ot" the canines wlien tlie mouth is sliut. 

^rV;nrs ANorLUTiiEUii M, Cuv. — With the same dental for- 
roula as in FakBotherium, the present genna^ like Diehodm (fig. 
130) has no interval in the series of teeth; neither the canine 
nor any other tooth rising above the general level. The grind- 
ing surface of the molar teeth somewhat ^ 
reseniMos and i»refi;:ures the ruminant "C-'^'l^^ 
tyjH?; in tlie upper jaw the crown (fig. 
128) is divided into a front (/, r) and a ^\ 
back (/, (1) part by a valley (t) extending 
two thirds across. A second valley (ffi) 
crosses its termination at right angles, 
forming a curved depression in each , ^.^^^ ^L. 1„^^<a,. 
division, which it thns subdivides into gyji)****"*^ ("eene 
two lobes, euneave towards the r»uter 

side of the tooth. Then* is a lan^e tuherele fm^ at the wide 
entr}' of the valley (e). The Anoplotheif lig. 129) was of a 
lighter and more elegant form than the raheotherc : its litubs 
terminated each in two digits* with the metapodial bones 
distinct* and the last phalanx hoofed. Some transitory char 





Fig. 129. 

Bcfttoration of the Atuplotherum 



(Eocene Of ft). 



raeters of the embr}'o ruminant were retained thi-oughout life 
by the Anoplothere. The species restored in fig. 1 29 was about 
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the size of a fallow-deer: it had a hm*i and strong tail, and 

wa.s probably of aij[iiatic habits. SiiuiIIli- and inorc delicate 

s])ecies (»t Aimplo- 

therioida from upper 

. eocene strata have 

*& been referred to dis- 

S tinct genera by later 

I' Ijalseontologiste. The 

^ researches of Baron 
§• 

© G Cuvier, \vlii(h re- 
^ "I suited in the le.st ora- 
tion oi" the Palo lit hc~ 

0 rinm and Aiwplo' 
*s ^Amum» are the moet 
J instractive which the 

1 palaeontologist can 
^ Btudv. Thev form 

the tliinl volume of 
tlie 4to edition of the 
" liecherches 8ur lea 
^ Ossemens Fosailes^" 

4to, 1822-5. 
^ Qenm Dichodon, 
Ow. — ^The upper eo- 
cene beds of Hamp- 
liire have yielded 
evidence of an ex- 
tinct form of even- 
toed (artiodactyle) 
hoofed qnadraped, 
most interesting aa a 
transitional form be- 
tween the Anoplotherioids and the tme Buminanta Like 
the Anoplotherium the dental series is oontinnous, without 
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bieak — a cliaracter which U only manifested hy DiankiDd 
among existing Mammals — ^the crowns of the teeth, in Dieho-, 
don, being all of nearly equal lieiglit, as they are in man. 
On each side <>f both iij)pf'r aii<l lower jaws there aie in the 
Dichodon (fig. \ tliiei incisors (',1,1,3), ♦^"t-' ^'atniie (f), four 
premolai's (J^ 1,1,3,4;, and three true molars [in 1,1,3) — hi all 
foi'ty-four teeth, constituting the typical diphyodoiit dentition 
^hich 80 many mammalian ^nera^ on their first appearance 
in the eocene strata, exhibit It is formulized as follows : — 
* ^ c J;J, J) j» 1^ = 44. From the first incisor to the third 
premolar the teeth have a more or less trenchant crown. The 
back of the third premolar [p 3) and all the fourth pixinolar 
(p 4), shew the crushing IVn in of crown ; the pjittei n w liich 
in the true molars, after the wearing down of tlie lirst sliarj» 
cusps, produces the double cresceutic lines of enamel which 
rn-e now peculiar to the Kuniinants amongst hoofed quadrupeds. 
The first t), sccotld (p s), and third {p 3) premolars have 
their crown much extended from before backwards, with three 
progressively more developed and pointed compressed cusps 
on the same line : to which is added, in the upper jaw, ww 
inner riclj,'e, tlevelopetl in the thinl premolar * ]> 3) into an 
inner posterior i U{jj». The fourth prijmulai \ji 4, has a thicker 
ami shorter ciwn with two palm of cusps. The upper true 
molars (»t i, 2, 3) have the two pairs of cusps sluirp and pointed, 
with a series of five low aceessoiy jioints developed from the 
outer part of the cingulum. The lower molars (m i, t, 3) have 
as complex crowns as the up])er ones, but with the accessory 
basal points («, h, c, t ) developt»d from the inner, instead of the 
outer side of the cixjwn, and with the convex sides of the 
chief cu«ps lunied in the iippuvitc ( tiou to thuic above. 
At the u}iper part of tig. 130 tlie outer side of the true molai"s, 
of the last premolar, of the canine, and of the incisors, is shewn, 
to^'ethcr with the grinding surface of the tluce anterior pre- 
molars in the upper jaw. Below these the inner surface of 

2 B 
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the entire series of the lower teeth ia shewu, together with the 
^rrinding surface of the three true molars^ the last of which 

{vi 3) here supports a third pair of lobes («). As compared 

with the iiiHiplotheriau laular (fig. 128), the 
outer lubesi (<t, b) of that of tlio Dichtnion (fig. 
131) are thicker and shaqier; the inner ones 
{c, <i)— specially the latter — are developed to 




7)/ 



^ w inokr of ^ equality with the outer one8» and more dis- 
^i^odo^ tinctly separated fiom them. The vall^ (m) 
extends across the whole breadth of the tooth, and is crossed 

at right angles by the fore-and-aft doubly-curved valley 
and i). The extinct species shewing the above characters, and 
on wliiih the genus was luunilcd,* was nearly the size of a 
fallow deer : it is called Dichodun cutpidaim, in reference to 
the number of shat]^ points on the unworn molars. The 
dentition indicates that its food may have been of a peculiar 
character, perhaps not exclusively of a vegetable nature. 

In the same upi x-r eocene formation of Hampshire have 
been found instruct ive exainj>les of some smaller members of 
the extinct auoj)loth('ririi(l taniily. 

Genua Xifhodon. — The genus Xiphodon was indicated, 
and its name proposed, by Cuvier, for a small and delicate, 
long and slender-limbed, anoplotherian animal, which, in 
his first Memoir {AntuUea du Muakm, torn, iii, p. 55, 1803), 
he had called Anaplotherium medium; but he altered the 
name, in the second 4to edition of the Osscmens FossiJes (toni. 
ui., }')». ()!• and 251, 1822), to that oi Anaphtherium ffracUe. 

Tlie distinction indicated by Cuvier is now accepted by 
paleontologists as a generic one, and a second sjKJcies {Xipho- 
dm OeifUnsis) has been added by M. GervaiB (Fal^aniogn^ie 
Fran^aise, 4to, 1845, p. 90) to the type-species, Xij^odor^ 
graeilis, of which he figures an instructive portion of the 
dental series of both jaws, obtained from the lignites of D4- 

* Quarterljr Journal uf tlie Geological Society, torn, iv., 1847| p. 36, pi. 4. 
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brug« neAr Apt. Hie deutal fonuula of Xi/ihodou in Uu* 
typical one, viz.— r "J"^, c \z], p ^ J, m = +4. 

The teeth are antinged in a i imtinuou.s f>enes in butli jaws. 
The canines and fii"st thive piemolai's have tlie crowns more 
extended antei*o-posteriorly, lower, tliinner trans\'ei'sely, aud 
more trenchant^ thau in the ty[>e A twphtheria (whence the 
name Xifhodon^ or sword-tooth). The feet ate didactyle, 
with metacarpals and metatonals distinct The tail is short. 
The lower true molars have two pairs of cresoentic lobes with 
the convexity turned outwards. It was nearly allied to 

Genus l>ICllOItUNK. — Thf* «4enus DuIuAmnr was proposed hy 
Cnvier, in the second edition of his Oasemem FostnUitt^tto, torn, 
iiU 1822, p. 04, for the AmtjAotheriwm min'm of the original 
Memoir in the AnnaU» du Mus6um, torn, iii., 1803^ and for 
the A. UpcrvMim of the 4to edition, 1822» torn. L, pL 2, fig. 3 ; 
and tom. iii., pp. 70 and 2$1. It is closely allied to the auo- 
plotherioid genus Xiphodon ; the dental formula is the same, 
only tlicit' is a sli-^lit iiittr\ al between tlie cntiine and tlie first 
l»renu»lar in Ixitli jaws : the tirst tlm^e pr« uii»iars are snl»rum- 
pi'esseil, sublrenchant, but less elongat*.'d from behind forwards 
thau in Xi2)hxloiu Besides the two normally-developed aud 
functional digits on each foot» there may be one, sometimes 
two, small supplemental digits. 

A species of this genus {Du^iobu/ne avina, Ow.) has been 
founded upon an almost entire lower jaM- with the permanent 
deutal series, which now forms }>art f>f the pala'^>ntological 
collection in tlie British Musciun. It is from iianipshire 
upper eocene. 

Genus MiCKOTHEKiUM, — fiulire crania r.f MicrtUherium, 
from the lacustrine calcareous marls of the Puy-de-Dome, are 
in the British Museum : they shew that the hinder division 
4tf the upper true molars is complicated by the additional 
(third) cnsp. The Microtheie did not exceed in size the 
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Ji'liciitf cln'Viotaiiis of .lava ami otlicr I inlo-AivIiipelaj^ic 
islands //., Tr((f/"h'-< k<uir]tiJ — vd, like the larijcr Aii(>[ilo- 
therioids, it dilVoivd iiom tlie true liuiiiiiiaiits ot" the pivseiit 
day, and adhered tu the more general mammalian type, by 
the complete series of incisors. 

The affinity of the miciotheres to the cheyrotains is, never- 
theless, very close. Let the formative force be transferred 
from the small iq)por incisors to the contiguous canines, and 
tlio transition would bo effected. The niniinant stomach is 
si!iij)lilird, in Trttt/nli/s^ hy tlio supjiression of the psultcriuni 
or thiril i»ag. The stomaih of the small Anoplotlicrioids, 
whilst preservinij a certain degix'c of complexity, might have 
been somewhat more simplified. The certain information 
which the gradations of dentition displayed by the above- 
cited extinct species impart^ testifies to the artificial character 
of the order Ruminantia of the modem systems, and to the 
natural character of that wider ^ronp of even-toed hoofed 
animals fur which has hccn jnnjiosrd the term Akti<iI).\( tvla.* 
(rtini-i IIy.i:N(>I>i>N, I^iiz. — With the delicati- and heautiful 
ilerbivora of the upper eocene and lower niiocene periods, 
there coexisted carnivorous quadnipeds, which, to judge by 
the cliaracter of their flesh-cutting teeth (camassials), were 

more fell and 
deadly in their 
destructive task 
than moilerii 
wolves or tiger8. 
Of these extinct 
Camivoro a spe- 
cies of the re- 
markable genus 
Hyanodan^ of about the size of a leopard, has left its re- 
mains in the upper eocene of Hordwell, Hampshire. Fig. 132 

• Quarterly' Journal of the CJeological Society, vol. iv., 1847. 
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I>eutilion, lower jaw, liytritodon. 
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shews tln' (lenliti»»n of tlir iiinl^n' jaw (»l aiiutlaT .s|H'fies 
of tlie saiuL' yeiius lioiii miuct iic beds at Dubruge aii<l Alais, 
France. Thu carnassial teeth {viy t, h 3), instead of being one 
in number in each ramus of the jaw, as in niodeni Felines, 
were thiee in number, equally adapted, by their trenchant 
shape, to work like scissor-blades on the teeth of the upper 
jaw, in the act of cutting flesh. After the small incisors came 
a pair of lar^'c piercing and prehensile canines (c), followed 
i)y lour c(tnii>i'('.s.s('(l pointed aii<l trnu liaiit lovnuilai's {jt 1,2,3,4) 
in each side of tbr jaw : the wliule of tliia ciuuivoruub denti- 
tion couluiming tu the dipbyoduut type : — 

• 3-S 11 4 4 3J 

(hnu$ Amphicyon. — ^With the foregoing predecessor of the 
digitigrade Camivoia was associated a forerunner of the plan- 
tigrade family, 

viz., 11 lanj^'e ex- 
tinct species, 
iiaving tlie mo- 
lars tuberculated 
after the pattern 
of those of the 
bears ; but re- 
taining, like Hff- Fig. 133. 

tenodm, the per- Dentition, upper jaw, of AmfMentm. 

feet tyjic of dijiiiyodnnt dentition. Fig. 133 shews the teetii 
of one side of tlie nuper jaw of the Amphicyon yiyankm. 
Tlie first and second molars (w, • and 2) have each two 
tubercles on the outer side and one on the inner side ; the 
last tubercular molar 3) is of veiy small size. Fossil re- 
mains of Amfhieifon have been found principally in the mio- 
cene tK j m sits at Sansans, .south of France. Tliose of a smaller 
species from the miocene at Kppelslieim, have been referred 
to the wo]\enne genus, aa (JiUo (iUq^hvi u-^ Kaup. 
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The proofs of the abundant mammalian inhabitants of the 
eocene continent were first obtained by Cuvier fix>m the foe- 

flilized reinains in the deposit} that fiU the enonnoos Parisian 
fxcuviitiun the chalk. But the t'uiiiis wliicli that great 
anatomist restored were all new and strange, specifically, and 
for the most part generically, ilistinct from all known existing 
quadrupeds. By these restorations the naturalist was first 
made acquainted with the aquatic cloven-hoofed Anoplothere» 
and with its light and graceful congeners, the Dichobunes 
and Xiphodon, with the great Palfeotheres. which may be 
likined to liornless rhiinKeroses, with the more tapiroi<l 
Lupliiodon, with the large peecari-like Ch<ero[»utaiiius, and 
with about a score of other genera and species of placental 
Mammalia. 

Almost the sole exception to the generic distinction of 
these eocene forms from modem ones was yielded by the 
opossum of Montmartre (Didelpkis Gypsorum, fig. 134) ; and 

what made this discovery the more remarkable was the fact 
tliat all til • kimwn existing species of that marsupial fjenus 
are now conhned to America, and the greater part to the 
southern division of tlint continent. An opossum appears 
to have been associated with the Uyracotherium in the 
eocene sand of Suffolk ; where likewise^ a porcine beast with 
tusks like ordinary canines {Ghceropotamui)^ and some remains 
of a monkey (EointJiecusX have been found. "With respect to 
the Didclphis Gi/psorum, its j^oneri^' I'clations wei'o dtnhioed 
from charactei-s ul the lower jaw ami leelli ; but these were 
a.ssociated with other paits of the skeleton in the same block 
of stone. When Cuvier expressed his convictions of the 
opossum-nature of the fossil from the parts first examined, 
his scientific associates were incredulous. He invited them, 
therefore, to witness a crucial test. On the slab containing 
the jaws and teeth, the outline of the l>ack part of the pelvis 
was also exposed, the fore part being buried in the matrix. 
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liy his delicate use of the graving-tool, Cuvier brouglit to 
light that part with tlie two inarsiipial bones (tig. 13+, «) 
in their natural position. He thus denionstnitetl that theiv 
had been buried in tlie soft fresh-water deposits, hardened in 
aft<.*r ages into the building- 
stone of Paris, an animal 
whose genus at the present 
day is peculiar to America. 
It is not unintiiresting to iv- 
mark that the Peecari, the 
nearest existing ally to the 
old Chu'ropotamus, is, like 
the opossum, now peculiar 
to America ; and that two 
sjxicies of tapir, the nearest 
living allies to the Lophi- 
otlon and Paheothere, exist 
in South America. l.jg 134 

The marine deposits of IVIvin hikI marsupial IxiiivK of DidtJjthit 

the miocene eix>ch shew the (Kocene. I'ari.). 

remains of extinct genera of dolphins {Ziphius and Dioploihm) 
and of whales {Hal(cno(lon). Petrified cetaceous teeth and 
ear-ljones, called "cetotolites"' (fig. 135) have been washed 
out of previous strata into the 
red crag of Suffolk. These 
fossils belong to sjKJcies dis- 1 
tinct fnun any known existing \ 

C'etacea, and which, pi-obablv, .,. 

' rii: \-\.>. 

like some C0nt<?mporary "I'lf^^l- CctotoHte or foHnil ear bono c,f i?«/.rHr>- 

nii)eds, retained fullyHleveloiied ^^""""^ ^"«"""')- 
eharactei"s which aixi embryonic and transitory in existing cog- 
nate Mammals. Tlie teeth of these C'etacea were determined 
in 18+0, the ear-bones in I.SiS. The vast numbei-s of these 
fossils, and the pinpdrtion of phosphat*' of lime in them. 
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led Professor Henslow* to call the attention of agricwltuTal 



Since tluit period it hm yieliU-tl a large supply, worth many 
thousand ]»ounds auiiually, of the superphosphates. The 
red crag* is found in patches from Walton-on-Naze, Essex, 
to AldbroV Suflblk, extending from the shore to 5 or 15 
miles and more inland. It averages in thickness 10 feet, 
hut is in some places 40 feet Broken-up septarian nodules 
t'onii a rude ll<'nriiiy to the craj;, letl by the washing oft' 
of the London clay, and called " r»m^h ntone." Tlie }>li<t,s- 
phatic fossils, or "cups'' as they are now locally termed, occur 
in greatest abundance immediately above the ** rough-stone." 
Thousands of cubic acres of earlier strata must have been 
broken up to furnish the cetacean nodules of the red crag' 
This is a striking instance of the i>rofitable results of a seem- 
ingly most unpromising discover}' in pure science, — the deter> 
niination of what in 1840 wn*^ uminleU as a rare, unique, and 
most jnuUlcniaticid Ijiiti^h fu>>il.t 

Our knowledge of the progression of mammalian life 
during the miocene period is derived chiefly tiom continental 
fossils. These teach us that one or two of the generic forms 
most frequent in the older tertiary strata still lingered on the 
earth, but that the rest of the eocene Mammalia had been 
suj)ei"seded by new forms, some of which present charactei-s 
intermediate between tlmsi- «»t' » <u i lu* and those of pliocene 
gciiem. The JjinoUwrium and uaiTOw-toothed Mastodon^ tor 
example, diminish the interval betwetni the Lojfhiodon and the 
elephant ; the Anihracatherium and HippokyuSy that between 
Char&pfjiamm and Hippopotamus; the Aeerotherium was a 
link connecting Paltcolherium with Rhinoceros; the Hippo- 
Ikerhim linked on Paloplotherinm with Eqiivs. 

One of the most extraordinary of tlie extinct forms of the 



chemists to the red cra;^ a,s a < 



lefKDsit of valualtlc manure. 



• Pnicecdings, ami Quail. Jour. C<><>1. Si>c., 1843. 
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cetacL'uu.s order has boon restdrcil I'nuii tos>il icmains dis- 
fovei'etl ill fonnatioiKs of the luiocenu a^;!' in Kuiopi- and >.'orth 
America. Tlie teetli of this caniivoious whale, lor wliich the 
generic name Zeuglodon seems now to be generally accepted, 
were first described and figured by the mediseval palaeontolo- 
gist Scilla, in his treatise entitled De CorpoHhm Marinvt 
f4to, IT-i'T, till'. liii. 1\ and liavc ^\mv ^dven rise to 

various intei prrtat inns. Tin* originals were olitaincd from 
the inioeene strata at Malta, and are now prcser\'ed in the 
Woodwardian museum at Cambridge. 

The remains of a gigantic species of the same genus, 
discovered in miocene formations of Arkansas, Mississippi, 
were described and figured by Harlan as those of a rep- 
tile, under the name of Buailosauru^.* Teetli of a suialler 
.species, diseovei*ed byAI* 
Grateloup^' in miocene 
beds of the Giroude and 
Herault, were ascribed 
by him also to a rej iil* , 
under tlic name iA' Siju/i- 
/o(/on.-\ In 1839 Dr. 
Harlan brought over his 
specimens of BanUmvr 
rus to London, and sub- 
mitted them to the 
\viit«'r's ins])<.rtion. by 
whom thoy wore determiued to be mamniali;in and eetaceous. 
Tlie entire skeleton has since been obtained Irom nnooene 
deposits in Alabama, revealing a length of body of about 70 
feet The skull is veiy long and narrow ; the nostril single, 
with an upward aspect, above and near the orbits. The jaws 
arc arnu'd with teelh of two kinds, set wide apart ; the 

* Mctlical .111(1 Pliy^ical Researches, p. 'W.'l 
t Act. Soc. Unn. de Bordeaux, 1840, p. 201. 
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DeciduuUH and pcnuanetit teeth of the Zeug- 
Men. 



Digitized by Google 



I 



378 



PAL*0NT0LO(,Y. 




autc'ri(»r toetli luivc sulxonnires-^ed, conical, sliglitly-rt'cui ved, 
shaip-puinted crowns, und an* iniplanteil by a singlt* ix)ot : 
the posterior teeth ait; laiger, with nioiv compressed and 
longitudinally extended crowns (fig. 136), conical, but with a 
more obtuse point, and with both front and hind borders 
strongly notched or serrated. The crown is contracted ftom 
side to side in the middle of its base, so as to jjive its trans- 
vei*se aectiou an hour-glass form (fig. 137), and tlie opposite 

wide longitu- 
dinal grooves 
which produce 
this form be- 
come deeper as 
the crown a|>- 
pruaches the 
socket, where 

Truiiwerse »tcliuu of a tooth of the ZeuffloJon. Nat. size, ^j^^y mf^^ aud 

divide the root into two fangs. The name Zeuglodon (yoke- 
tooth) refers to this structure. The mode of succession of 

tlie teetli in tliis genns c<»nlonus to tlie general mammalian 
type more than does that of any of the existing carnivoi-ou-s 
Cetaceans. In the figure given by Dr. Cams* of a portion of 
the jaw of Zeuglod4m eeiaides, a deciduous molar (fig. 136, a) 
is about to be displaced and succeeded, vertically, by a second 
larger molar. This mode of succession is not known in the 
Platanixfa ox lnia,\\\\\v\\ among exi.sting true Cetacea j)resent 
teetli most like those of Zciiglodon ; l)ut it is a mmle of suc- 
cession and displacement affecting certain teeth iu the her- 
bivorous Cetacea, or Sirewia ; and we thus seem to have in the 
Zeu^odon another of those numerous instances of a more gene- 
ralized character of organization in older tcrtiar}- Mammalia. 
In systematic characters, Zeiuflodon typifies a distinct family 
or grouj), intermediate between CcUiccn prttper and Sirdiia. 
* Novft AcU Cics. Ijoop. Carol., vol. xxii., tab. xuU. B, fig. 2, p. 340. 
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Of the latter family or order» however, represented at the 
present day by the Diigongs and Manatees, there were 
abundant and more widely distributed representatives duriiif^ 
the miocene pi^rioil. having, upon the wliole, the nearest 
atiinity with the existing African Manatee (MancUu^ Scncga- 
lensis), but with associated characters ot the Dugong {Halicore), 
There were, e.^^ two incisive tusks in the upper jaw, and four 
or five small incisors along the deflected part of each ramus of 
the lower jaw. The upper molars, with three roots, were 
thickly enam«»ll('(l, like those of the MaiiaU;e, hut witli u ]>at- 
tcrn of grinding surface which led Cuvier to attrihuti; tletaclied 
Specimens to a small species of Ifip/wpotamus, The lower 
molars had two roots. All the bones have the dense or solid 
structure of those of the Sirenia, On the remains of this 
remarkable amphibious Mammal, discovered in the miocene 
beds at Kppclslu iin, Kaup founded the gruiis Halitlieriuvi. 
< >tlier i-einains liave been discuveiid in Piedmont, Aste, and 
many partd of France, from the "calcaire grossier" of the 
Gironde, containing Lophiodont fossils, up to the pliocene 
near Montpellier ; at which period the JfalUkerium seems to 
have become extinct 

Omvs MACROTHERIUM, Lartet — ^The edentate order, whicli 
is so abundauily and varion^^ly re})resented in South America, 
which has its Oryct<'ro{>ts and Pangolins in Africa, and its 
Manises iu tropical Asia, has no living repn^sr ntative iu 
Europe. Perhaps the most unexpected form of Mammal to 
be revealed by fossil remains from European tertiary deposits, 
after a Marsupial, was a member of the edentate order. 
Cuvier, by whom the evidence of this extinct auniial was first 
made known, prefaces his description of the single nmtiluted 
piudangeal bone, on which that evidence was founded, )\\ the 
remark, that "nothing proves better the importance of the 
laws of cnniparative osteology than all the consequences which 
one may legitimately draw from a single fragment.** 
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The 8iii<^k' mutilaUHl un<,nial ]»lniLiiL\ uu whidi Cuvier 
based his couclusious iii R'<<ard to tlie species in question was 
discovered, associated with remains of Bhinoeeros, Masiodon^ 
Dinotheriuniy and Tapir, in a formation near £px)elsheim, 
Hesse-Daraistadt, which is now determined to helong to the 
mioeeiu; division oi' the Uitiai v stiiis. This phalanx shews 
two distinctive cluuacters ol the cdeutate order: — Ist, Jtci 
postt rior surface' f'<»r articuhition with the antepenultimate 
pludanx is a double pulley, hollowed out on each side^ with a 
salient crest between, constituting the firm kind of ginglymoid 
Joint peculiar to certain Edmtaia ; 2<l, The concave arch 
formed by that pulley curves furthest backward at its up]>er 
part, wliich wmiM jaevent the ( law beinp n'tmcted upward, 
as iu the cat trihe, and constrain the tlexion downward — con- 
sequently the phalanx must have belonged to an edentate 
quadruped* To the foregoing characters are joined two 
others which Cuvier believed to determine the genus. The 
species of Myninrophaya have ou the upper part of the 
]Miint< (l ( lid of the claw-plialanx a groove, indicative of a 
disposition to bifurcate ; in the species of Mania the bituixm- 
tion is complete, the cleft extending as far as the middle 
of the claw-bone : so likewise in this fossil The Fftn- 
golius {Manii) have not those bony sheaths which, in the 
sloths, some ant-caters and armadilloe, rise from the base and 
cover the root of tlie claw : th<Te Wfis a like absence of any 
claw-sheath in the fossil. Thus the tnssil claw-bone has no 
homologue in existing nature save those of the Manis ; and, 
according to all the laws of co-existence, it is impossible to 
doubt that the most marked relations of the animal that bore it 
should have been with that genus of quadruped&'t But what 
nmst have been its size < The phalanx was not one of the 
lai^est on the foot — for it had not those sliglit mised burdeii^ 

* "AiiuicVMl n«ceM!«air«.'mcnt un ongu^al d*edent6." — OMemena FoMilea, 
4to, i, v., pL i., p. 193. f Ossemens Fosiilea, 410^ t. v., pt. p. 194. 
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wliicli Miic SIM'S ill tlie laiu^r cUiw-bnin s ..f ilic l'an«j;(>liiis. This 
([uostioii Ouvier auswered, by the [ no port ions <»f tlic F?hort- 
tailed Mania, as being not less than 24* French feet : but more 
moderate dimensions are indicated by certain other bones of 
tho skeleton subsequently discovered in France. These dis- 
coveries bave likewise rectified the absolute a]>))lication of 
tlie correhitivc law to the ileterinin.ition of the cfenus as well 
as of the order. Tlie relation of the doubie-joiiiUHl uiid eleft 
])halanx to the Edentate or«^anization is couiiimed ; but tho 
additional fossils, and especially some evidences of teeth, have 
shewn that the Mtterotheriftm belonged to a peculiar and now 
extin(?t genus intermediate between the Manis and the OrffG- 
teropifs. And these relations ai*e deeply inteivsting, on acectunt 
of tlie i^eograpliieal position of both those edentate gencriu, 
on tracts of land, viz.» which arc now most eoniiguous to the 
continent containing; the remains of the extinct osculant 
genus. The locality in France is the village of Sansan, near 
Audi, department of Gers, Haute- Pyrendes. The formation 
is a laenstrine deposit of the miocene period. 

IVuliuiis »»( two ninlai ti < t]i luivc been there found. 1 inch 8 
lines in greatest trau>v< iNc diameter : the tO(»tli inr>erv ing tlu^ 
same size and shape Uirou^li the whole length of the portion 
— viz., 1^ inch. They resemble in shape those of the Orycte- 
rope, but are less regular and have not the same tubular 
tissue. The humerus differs from that of the ant-eaters and 
arniudillos by its greater length in }>roportion to its bn^adtb ; 
and approaches that in the Megatherioids and sloths, not only 
in its relative length, but in the llattiaiing at the distal end, 
and the imperforate character of that end. The radius also 
presents a sloth-like chamter in its greater proiiortionate 
length, which exceeds that of the humerus. In both the Pan- 
golin and Orvcterope, the nidius is shorter than the humerus. 
Tlie ulna (lillns lYoni both that of tlu^ I'augMliii and Oiyct<'- 
rope, and 6tiU nu>re from tluat m the Annadillos, by the much 
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tfuialler development of the olecranon, whereby, again, it more 
resembles that of the aioths. The femur is relatively longier 
and more slender than that of the terrestrial and fossorial 

Edentata : it has not the third trochanter which ch8rBcteri«e& 

it in the Oryctern|K\ nor sn maiktMl a develripincnt of tin* 
*^\Vi\t and small tmi lumtrrs im hi tlu' I'angulin. In the flat- 
tened form of the shaft of the fenuir, and the jK>sition of the 
rotular surface near one side of the distal end, it resembles 
the femur of the Megatherium and Mylodon. As in the slotiis 
it is shorter than the humerus; whereas, in both the Pangolin 
and Onctenipe the femur is longer. The tibia is nmch 
slirn-ter than the fmuir, antl in the expansion of ili» [uoximal 
end and its ri'lative length to the lemur it resembles that of 
the Megatheraids more than that in the l*angolin or Orjet^v 
rope ; it was not anchylosed to the tibia as in the Armadillos, 
Glyptodons» and Megatherium, but remained a distinct bone, 
as in the Mvlodon and sloths. 

In the same mioeene deposits of the south of. France a.s 
those which eciitained the Mo' )'"fhrriumy to.s.^il R'main.s i»l 
two kinds of (^uadrumana, resembling a small and laige 
species of B^flobates^ have been discovered. 

Oenns Puopithicub^ Gerv. — ^The smaller of these extinct 
apes (PliopUheem anHguvs) is based upon the lower jaw and 
dentition. The teeth occupy an extent of 1| inch ; the two 
incisors mv narrower, the LaiiiiiL' less, and the last molar is 
lai-'^cv thnn in the sianiang (H. Si//n/((c()/la). As in this 
species the tiist premolar is uni-cuspid, and the liiud talon 
of the second is moi-e produced than in the chimpanzee 
and gorilla, and to the degree in which the fore-and-ttft 
diameter of the tooth exceeds the transverse one, it departs 
farther from the human typi; : in the degree of the develo])- 
uii iit of the talon or thinl lobe of the UlsI lower molar, tlie 
P/wjnihccus resembles the tailed monkeys {jScmnu^rUiiecus and 
Innus}, 
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(ienm l)KVoiMTiiEi I s, Lait. — In iUv lur^'cr ini(ict*ue ape 
{I)ri/opitJi€cm Fcniani) the canine is relatively larger than in 
the JfylobttteSf and the inciBors, to judge by their alveoli, are 
relatively narrower than in the chimpanzee and human sub- 
ject The first premolar has the outer cusp pointed, and 
raised to double the lici^^lil of tliat of the seermd prcinnlar, 
and its inner lobe is moi-e rudiniental than in tlie chimpanzee,* 
and depart* pix)portionally from the human type. The poste- 
rior lobe or talon of the second premolar is more developed, 
and the fore-and-aft extent of the tooth greater, than in the 
chimpanzee, thereby more resemblin*,' the second premolar of 
the siamang, and less resembling that of the Imman subject. 
The last (thinl) molar in undeveloped in the lus^s-ii jaw <•! tlie 
DryopithecuSy and its amount of departure from the liuman 
type^ and approach to that of Innus, cannot be determined. 
The canine is more vertical in position than in Troglodyiu or 
PUheetu, but this character is offered by some of the small 
South American afM?s. Fn)m the portion of humerus associ- 
ated with tlie jaw of Dryttpithecus^' ih*' arm v^oiild seem to 
have been proportionally longer and more slender than in 
the chimpanzee and gorilla, with a cylindrical shaf>> more 
like that in the long-armed apes (HylobcUes), and less like the 
arm of the human subject 

The characters of the nasal bones, orbits, mastoid processes, 
relative length of ui)per limb io truiik, rt"lati\f lenj^th of arm 
to foit5 arm, relative length and size of tliumb, lelulive length 
of lower limb ; and above all, the size of the hallux and shape 
of the astragalus and calcaneuni, must be known before any 
opinion can be trusted as to the proximity of DiyopUheeus to 
the chimpanzee or the human subject 

Giuus Mes or IT 1 1 ECUS, \Vji<^n. — In tertiary formations of 
Greece, at the base of Pentelicon, remains of a Quadrumane have 

• Compare ComptL s R. ndus de l*Aead. dm Sciences, torn, kliii (July 28, 
18d6, plute. fig. 7), with Trans. Zool. 8oe,. Tol. ir., plate 82, fig. 3, p. 3. 
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Iiefli found, wliich rnifcnsor Wagiier* n'^jraiils as transitional 
between Hiflobates and HemnopUheeus: the third lobe of thv 
last molar is, however, as well developed as in the latter geaxi&. 

Oenus Sbxnopithbcus.— To this genus belong the petrified 
jaws, t<H»th, and a«tnif,'alus, from the older pliocene or miocerie 
nx'ks ill tlic >ult-Hiiiialay;in hilN, iitai Sutlej, India> ili.s- 
oovrn d ill IH.SG bv J)uraiul aiul r.ak<'r. 

lu the pliocene deposits <»t Montpellier remains of a 
monkey occur, referred by Chnstol to a CereopUkeem; and in 




Skull o( Dinotherium gif/an(cuin (Miticene, Ep)tle»lioim') 



pliocene brick-earth iu Essex the vrriter has determined iiart 
of the fossil jaw and teeth of a Macaeua. 

Gcnm DTNOTHERTtfM. Cuv. and Kp. — This naiiic was given 
l»y Kaui>. al"t« r tlif dist overy of tin- siiii^nilar sliajK- and avnia- 
* Abbaiigltingcn der k. Uaycr Akadeuie, Ul. ii , 1864, Munchen. 
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tare of tlio lu\v« i jiiw, Ik iln- liu'_; • Mloj.liM.luiit Mmnmnl. lir.si 
miuie known by (Javier nndt'r tlie name of "Tai'ii Lri^u'ini- 
tesque." The length of the skull, fn>iii / 1<> c?, ia fig. 138, is 3 
feet 8 inches. Tlie teeth in this skull, in addition to the two 
lai^ deflected tusks of the lower jaw, are five in number on 
each side of both jaws. A study of the clumges of dentition 
in fossils of younji l)iit'>th< rix shew that the liist two teetli 
answer to the nntl toiulh preniolara, as mguitied l»y tliu 

.symbols 3 and 4; and that the rest are true molars 
I. a> s). Of these, the first tooth ip, 3), is rather trenchant 
than tnturant; the third tooth (1) has three tmnsversit 
ridges. The other grinders have two transverse riil«;es. This 
" bilophodont" or two-ridged type is shewn by llic molai-s 
of the Tapiv (tig. 139), Lophiodoiif Megntiieiium^ DiinoUnloUy 
Notoihei'ium, Kangaroo, anil 
Manatee^ In the general shape 




of the skull and asiK^ct of the 

nostrils JHncfKerium most re- 

senjbles Manafv^ ; bones , . , , „ . 

MolArBonoK, luworjH«% lAiiir. 

of lind)s have been fonnd so 

assm iated witli teeth m to determine the DimdJuriuvi to be a 
hoofed quadruped, of probably aquatic hubiUi, and tninsitional, 
as it would seem, between the lai^e Lophiodons and the huger 
proboscidians. The e\'idences of the genus have been dis> 
covered in miocene deposit*^ of Oormany, France, Switzer- 
land, and l*erim Island, ( ruif of ( 'anibav. 

(rnius MAsiuDOji, Cuv. — Th'- t arliest apjH'aranee of this 
genus of prolioscidian or elephantoid Mammal is in tertiary 
strata of miocene age, and by a species in which the fore part 
of the lower jaw was produced into a pair of deep sockets 
containing tusks ; but these are only slightly deflected from 
the line of the grinding teeth ffig. 14-0, ('), This specieij of 
J/^/.sAw/ow, discovered in the miocene of Hpiielsheim, was called 
longirostrin hy Kaup ; Init he afterwards recognized it as the 

2c 
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same with u species wliich had been previovkily called Masto-' 




ifcn arvementtis (Croizet and Jobert).* Both belong to that 

* Beitrage »ur naftheren Kenntniss dcr Urwelttichen Baugethiere^ 4t<i, 
1857, p. 19. The name angurtidau was first applied by Cuvier to teeth of this 
tjpe or apecies. 
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SL'ctiuii ut" Madmioti in wliicli tlie fii*st ami soocmd true molars 
have each four transverse ridges,* and tor which Dr. Falconer 
proposes the name TetreUopkodon, In the newer tertiary de- 
posits of North America remains of a ^lastodon (M. Ohiotietts) 
have been discovered, in which the transverse ridges of the 
grindei*s arc in shape mure like tliose of the Dinoilioi-c than 
in any othur Mabtodon ; tlic iii>>t and stcond, moreovi r, ha\e 
two ridges, and the thiixl, ihrto ; hut this is followed by two 
three-ridged molars and a last larger molar witli four or five 
ridges.! For the Mastodons with three-ridged penultimate 
and antepenultimate grinders, Dr. Falconer proposes the name 
TrUojikodm. In the MaModm Ohioticus tlie lower jaw has 
two tusks in tlie young of both sexes : these an* soon sbeil in 
the female, but cue of them is it;tained by the niale (fig. 
140, B). The upper tusks are long and retained in both 
sexes (fig: 140, 

An almost entire skeleton of a Mastodon (Jf. turieensis^ 
tig. 1 40) has been discovered in the pliooone de^iosits of Asto, 

riedmont. The total lenirtli from tlir tail to the i n«l of the 
tusks is 17 feet. Tlie teeth have tlie same narrow slia)>e and 
multi-iuanunillate stnicture as in M. arcnicmi% but in tlie 
numerical character of tninsverse divisions of the crown this 
species agrees with Jf. OhioticuB* 

The Mastodons were elephants with the gi-inding teeth 
h'ss complex in strueture, and adapted for bruising coai-ser 
vegetable substanees. The grinding surface of the molars 
(fig. 1+1), instead of being eleft into numerous thin plates, 
was divided into wedge-shaped transverse ridges, and the 
summits of these were subdivided into smaller cones, more 
or less resembling the teats of a cow, whence the generic 
uame.§ A more im^x>rtant modification appeared to din- 

* Fir»t deinon»tialefl by K\x\\\\ OiiMn«ii» Foaulen de Daimrtadl, 4(o, 1B35. 

t Owen'a Odontognplijr,** 4t«, 1845. p. 617, pi. 144, 
% Owftn'n " oaontogniphy/* p. 618. ^ M^ttm, a tiippk ; odbiit, % tooth. 
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tinj^Miisli tho cxtincl pMius, in ri'S|»frt nt llio striKturc nf tlic 
uiolur teeth ; tlie dentine, or priocipal substance of the 
crown of the tooth (fig. 141, ia covered by a thick coat ot 

dense and brittle en- 
amel («); a thin coat 
of cement is con- 
tiniu'd IVoni th<^ 
t'a n }^ 8 u I K )n t h e c n » w ii 
of the tooth, but this 
substance does not 
fill up the inter- 
spaces of the divi- 
sions of the crown, 
as in the elepliant's 
grinder (ti«(. 146, r). Such at least is the character of the 
molar teeth of the two species of Mastodon, which Cuvier 
has termed Mastodon giganteus and Mastodon angusHdens 
(tig. 141). Fossil remains of proboscidians have subee- 
(luently been found, principally in the tertiary de])osits of 
tropical Asia, in whicli the nund>er and depth of the clefts of 
the crown of the molar teeth, and t\m thickness of the inter- 
vening cement» are so much increased as to establish transi- 
tional characters between the lamello-tubercnlate teeth of the 
elephants and the mammilated molars of the typical Masto- 
dons, shewing that tlie characters dedncilde from the nmlar 
te<*tli are ratlier thf distingnishinL; marks of sjtecit'S tlian of 
genera in the present family of mammalian quadnipeds. 

The dentition of this family may be expressed by the 
formula — 

tilut is to say, in llie I'rolioscidians in which tlie dcntitiim 
most nearly aj>pn»a( hcd l»» the ly}>i< al one, thirty-four teeth 
were developed, as follows : — in the upper jaw, two deciduoiia 




FiK- Ml 



Cppei molar of MMtodon avernenus. Fluro- 
nmriiie crag, Norfidk. 
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iiiciisors, lolluwtd hy two })eriiiuueut inci-soi-b developed as 
tusks ; &ix deciduous molai-s (three on each side, <2 a, 3, 4, fig. 
142); two premolars (one on each 8ide^|> 3* fig. 142), and six 
true molars (three on each side, m 1, >, 3, figs. U2 and 143) ; 
— in the lower jaw, two incisors 
as tusks (unci rtain wliutlu r 
<{'(U'(1 by (leritluous tusks\ dc- 

ciduous molars, premolui-s, aud 
molars, as in the upper jaw. 

The elephantoid animal ''Fig. \vt. 

Mw^odmi lonyirostriiy Kaup ; l>eciauoaH deutitiun, voung Ma§' 

/mr . * , todo* lomgiro^ru. 

{airrstodon an{ptshaeu% 111 i»;irt, ' 

( 'uvici) w liirli t'xliiliiird tlic alMi\ r instnu'tive deutitiun of tlx* 
pitjboscidiuii lauiily, once roanu'd over tlie part ol the caitli 
now forming England, France, Italy, aud Uermany. The first 
steps in our knowledge of its dentition were made by Cuvier, 
who called it the narrow-toothed Mastodon " Mastodon k dents 
etroites," or Mastodon angwUtdens. This name was 8ugge8te<{ 
l»v tilt' l«-ss Im-adtli of tlu' i^rindiii^ >ui t'at (' 1 't' the ticl li as coui- 
pait'd w ith those ui a previously dt'^riiht d :^j>tT it s Ma>toilon 
from is'uith America, called the Must, tjiyankus, or M» Okioli- 
eii8, Cuvier describes and figures a last molar, upper jaw, from 
Tr^voux, consisting, as in the specimen from Norfolk Crag, 
(tig. 141), and as in that from Eppelsheim (fig. 143, m 3), of 
five transvei"se i'id''es, with a front and hack talon or suhsidiarv 
ridge. The latter is the lar^'est, antl snhdi\ided into teat- 
shaped tuberclcH, so as almost io merit the uame of a -ixlh 
division of the tooth. The principal ridges are divided into 
two chief or primary tubercles, with secondary tubercles in 
the interspace ; the chief tubercles are more or less deeply 
grooved lenj^tlnvise, or cleft at top, so that mastication wore 
ihein ilouji to small eirvh s of dentine surrounded bv a thiek 
bonier of enamel, aud further attrition n'tlucrtl tlie.sc t^i a 
trilolicd or tivfoil form. 
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The last lower molar ot liu' Must. anyvMni n^'^ U\n\\ La 
Kochetta di Taiiaro * exhibits the same live principal trans- 
vetse ridges and the hinder one, as in the corresponding tooth 
in the Eppelsheim Mastodon (fig. 143, m j), and being the 




Fif,'. 143. 

l>«,-iiiilion uf uld MaalmUm loiujiroatris. 

tir.st of the series of narrow nuistoilontoid t4?otli to wiiii h 
Ciivier ajijilied the iiaiiie anifustidcius^ it may be ref^arded as 
tlie t}'])e of tiiat species. The characteristic premolar of the 
MasL anffustidcnst with a quadrate crown of two ridges, each 
cleft into two tubercles (fig. 14i%p s), is figured by Cnvier, in 
Op. cit, pL i., fig. 3, and again, in situ, with the last deciduous 
molar {d 4) in a portion of the u])]K'r jaw of the Mastodon 
angtisf ideas from Dax (ib., 1>1. iii., fij;. 2). This tooth {d 4, fi<(. 
142) consists, in both the Dax and Eppelsheim specimens, of 
tlirce principal ridges and a posterior bituberculate talon. 

• f-aviet, Op. cit. levers Maiitodontc«, \A. iv., fig. 1, lop view, lig. 2, side 
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Tlio auti'pcimltiiiiatc molar (\\>^. 1 i2, in i) coiLsisls oi' tour 
ri(l^f<'.s and a taluii. The jM-uultiinate hsus the same ytruetuiv 
uu a laiger scale (fig. ] 4U» m *) : the last grinder, m 3, is both 
laiger and more complex. 

lu the proboscidian quadrupeds^ the molar teeth progres- 
sively increasing in size, and most of them in complexity, 
follow each nthri tn«ni Ix'tore backwards al longer intervals 
tlian in other «iuaihii])(Mls, ami tlic scries is never sinmltane- 
uusly iu place : not mure than three are iu use at any jK i iod 
on one side of either jaw : all the molars, save the penulti- 
mate (fig. 143, m *) are shed by the time the crown of the last 
molar has cut the gum : the dentition is finally reduced to tn 3 
on each side of both jaws, with commonly the loss of the in- 
terior tusks, as in tlie old Mas/odoii t " rinncis (ti^'. 1 40^ from 
the tertiary deposits of the To, deiicribed uud figured by 
Sismonda.* 

The genus was represented by species ranging, in time, 
from the miocene to the upper pliocene deposits, and in space, 
cosmopolitan with tropical and temperate latitudes. The 

transition from the mastodontid to the elephantine type of 
dentition is very gradual. 

Genus Elei'Has, L — Tlie late^^t form of true elephant which 

obtained its suste- 
nance in temperate 
latitudes is that 
which Bhimenhaeh 
eallecl jmitiitji ;t///.s, the 
"Mammoth" of the 
Siberian collectors of 
t-ig. ,44 - its tusks (fig. 147). 

rpi>er grinder of the Mammoth (A7<!pAa*pr»Wf. 1*8 remains OCCUt 

chiefly, if not exclu- 
sively, in post-i)liocene deposits, and have even been found in 
• OffteografiA di un Miuilodonte Angaelidente, 4to, Turin, 1851. 
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tiirharv near llolyhead. Its grinders (fig. 1 4+) are broader, and 
have narrower and uunv numerous and close-set tmnsvei-se 
jdates and ridg('>, than in «jtlier elejdiants. In the existing 
Indian species, e.y. (fig. 145), tlie inohirs ai^e ix'latively narrower. 




Ki-. 1 i.'> 

I'pi"''* '»"''«r. Abiatii- Klophniil. 



the i»hites {(id) nrc less numerous, and their enamelled border 
(ec) is festooned. In the African eh^phant (fig. 14()^ the plates 




Ki^. 140. 
rppcr tuulur, African Ek-pbaiit. 

are still fewer, are relatively lai-ger, and so exi)anded at the 
middle Jis to present a lozenge shaj»e. The Ehphas j n-sctia, 
(idf., of Euro])ean ]ilioeene beds, has niolais most like thos<^ 
of the present African sj»ecies. Tlie tusks of the elejiliant, 
like those of the Ma.stodon, consist of true ivory, which shews, 
in tninsvei-se fractures or sections, stria* juxiceeding in the 
arc of a circle from the centre to the circund'erence in oi^po- 
site directions, ami forming, by their d« eussations, curvihnear 
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lozenges. This clmi-acter is a vtiluable oue iu the determiiia- 
tion of t'mgments of fossil tusks. 

The tusks of the extiuct EUj^haa pnuiigtnim have a 
bolder and more extensive curvature than those of the 

Ehphm iiulicMA ; some have been fcniiul which (le.sciibe 
a ciicliN hut the tui ve hein^' (•lilique, tlu v tliii?^ cknir the 
head, aud i>t»iut outward, downward, and backward. The 
uumeit>iis fossil tusks of the Mammoth which have been dis- 
covered and recorded, may be ranged under two averages of 
size — ^the latger ones at nine feet and a half, the smaller at 
five feet and a half in length. The writer has elsewhere 
assigned reasons for the i>robal>ility ut tlie hitter bt hnigiui; to 
the female Mammoth, which must accordin«dv have ditiered 
from tlic existing elej»hant of India, and have more resembled 
that of Africa, in the development of her tusks, yet mani- 
festing an intermediate character by their smaller sisse. Of 
the tusks which are referable to the male Mammoth, one from 
tlie newer tertiary dc])osits in Essex measured nine feet ten 
inclies along the outer curve, and two feet tive indies in cir- 
cumference at its thickest part ; another fi*om Eschscholtz 
Bay was nine feet two inches in length, and two feet one and 
a half inches in circumference, and weighed one hundred 
and sixty pounds. A specimen, dredged up off Dungeness, 
measured eleven feet in length. In several of the instances 
of Munniioth's tusks fronj British stinta, the ivor>' has l>eeii 
so little altered as to be tit for the purposes of luanuiacture ; 
and the tusks of the Mammoth, which are stili better pre- 
served in the frozen drift of Siberia^ have long been collected 
in great numbers as articles of commerce. 

In a specimen of the extinct Indian elephant {Elcplms 
(jancsa^ Vv. uiid C.) preseiTed iu thr liiitish .Museum, the tusks 
ai-e ten tcut -six inches in length, and in consetpience oi their 
small amount of curvatiuv, they proje« t eight feet tive inches 
in front of the head. Their apparent disproportion to the size 
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cif tin- >kull is truly extmordiiiaiy, aiid exeiiiplitied the uiaxi- 
liiiziitioii of dental dcvt lo|iiii('iit. 

The mammoth is more completely known than most other 




extinct animals by reason of the discoveiy of an entire speci- 
men preserved in the frozen soil of a clifT at the month of the 

river TiGna in Siberia. Tlio skin was clothed with a ivddisli 
wool, ajul witli Idack haii-s. It i.s nuw preserved at St. 



Digitized by Google 



RHINOCEROS* 



395 



Peteisbuiig, together with the skeleton (fig. 147). Tliia niea- 
suTe8» from the fore part of the skull to the end of the muti- 
lated tail, 16 feet 4 inches ; the height, to the top of the doxBal 
spines, is 9 feet 4 inches ; the length of the tusks, along the 

cur%e, is 9 feet G inches. TaiLs of the skin of the liead, the 
eye-ball, the strong liganient of the nape which helped to 
sustiin the heavy Iiead and teeth, and the hoofs, remain 
attached to the skeleton. These huge elephants^ adapted by 
their clothing to endure a cold climate, subsisted on the 
branches and foliage of the northern pines, birches, willows, 
etc. ; and dni ing the short snninier they pi-obahly migrated 
iiovtlnvard, like their contemporaiT the nmsk-hnttalo, which 
still liagei-s on, tn the 70th degree of 1^. latitude, retreating 
during the winter to more temperate quarters. The mammoth 
was preceded in £urope by other species of elephant — e,g^ 
El^has prvunu, Goldfuss» and Elephas meridumalis, Kesti, 
which, during the ])liocene period, seem not to have gone 
uortluvaitl Ik'voikI l»'iii[»cnUt' latitudes. 

The niaiiiniotli seems to luive enjoy td a wider geograjihical 
range than any other extinct elephant. Its remains have been 
found in the British isles, continental Europe, the Mediter- 
zanean, Siberia, and throughout a laige portion of North 
America, where it co-existed not only with the gigantic Mas- 
todon OhioiicxiSy but also with a second .species of true elephant 
{Ef<ph/r.<i t(.iutnu.% Blake*), the t«eth of which were more 
adapted to a ^urcuh'nt vegetable diet Existing elephants 
are coniiued to the Old World. 

Oenus Rhinoceros, I* — ^The rhinoceros, like the elephant, 
was represented in pliocene and post-pliocene times, in tempe- 
rate and northern latitudes of Asia and Europe, by extinct 
species. One (Rhinoceros li2>tothinus) associated with the 
Hi/fjHrpofamm major in fresh- water upper pliocene dej>osits ; 
another iichorrhinus) with the mammoth in brick^-earth 
* " Buil«ert*s Antiqtiiti«ii of 8. AmericH," 2d etl. 
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hvihy glat'ial clay, and drift. The discovery of the caimse ()f 
tlie ticlKuriiic rliiiKK-cios in fn»zcii soil, ivcordcd by Pidlas in 
his "Voyages dans I'Asiu Scptcntiionalc,"* sliewud tlie sanu* 
ada}ttation of tliis, at j)rcscnt tropical, form of (iuadnij>cd to a 
ciild < liinatc, by a twofold covcrinj^ of wool and hair, was 
subsc(|uently tlcnjonstrated to be the case with the mani- 
nioth. I>oth the above-named fossil rhinoceroses wei-e two- 
hnrnetl ; bnt they were preceded, in the pliocene and mioceue 
jK'riods, by a species devoid of horns, yet a rhinocems in all 
other essentials {Acrrotheriuni, Kaup). 

The uiodiHcations which the npper molai-s of the rhinoceixj.s 

present as compared 
^ with those of its 

antetype, the Paheo- 
thorium, will be 
readily understood 
by comi)aring tii^. 
127 with lijr. 148, 
antl are as follows : 
— The concavities 
(^f^f) on the outer 
.side of the crown, in 
fi<;. 127, are almost 
levelled, and fmni 
one of them a slight 
convexity pmjects, 
in some species of 




Fig. 148. 
r|il»«*i* molar. HIiiiiitcemH. 



lihinoceros. giving a 



Nat. sizr. 



t'cntlv 



undulated 
surface on that side 
of the tooth. The valley (t) is moiv expamled at its tenuina- 
tion ('d"), in the Iihinoceix>s ; and, in some .species, it bifurcates 
and diM'pi'us, so that one branch njay f«nin .-m insulator! circle 

• 4io. iiiKi, i.{o.i;w. 
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of enamel wlien the crown is worn. Tlie posterior valley {g) m 
usually deeper and move extend<>d. Tlir (ndinaiy lohes {a, 
f, d) are very similar, and piuduce, by the confluence of a 
with e, and of h with the two oblique tracts of dentine 
which are more decidedly established as tianaverse ridges in 
the Lophiodont or Tapiioid group. A basal ridge (r) girts 
more or less completely the inner and the fore and hind 
parts of the base of tlie crown. Not fewer than twenty 
species of extinct rhinoceroses ai*e entered in raluioutological 
catalogues. 

EquiJa . — Kemains of quad ru|)ed8 with the iiiubsand den- 
tition of the horae-kind have fiist been seen in strata of mid- 
tertiary or nuooene age. Such deposits at Eppelsheim in 
Germany, in the department of Vauduse, i^nnce, and in the 

Sewalik hills of India, have yielded upper innlai U\ ili differ- 
ing from those of modern Eqvulcc chiefly in the distinctness 
or greater extent of separation of the interlobal 
or inner column (fig. 1 m) ; and have revealed 
the highly interesting structure shewn hy the 
retention of the small digits and hoofs (fig. 150, 
it and iv.)« appertaining to the mdimcnts of 
their nieta|K)dials, called sjdint-bones by vete- j 
riuariuiis, which alone are retained in modern 
horses, zebms and asses * The small hoofs in ' W*'" 

IlippMlOll. 

question, ib. iL and iv., dangled by the side of ^ 
the large and functional hoof iii., like the pair of spurious 
hoofs behind those forming the cloven foot in the ox (iig. 161). 
They would cause the foot of the Hipparion to sink less deep 

into swanjpv soil, ami be nu>ru ia>ily withdrawn, than the 
more simplitieil horse's foot. From another point of view, as 
the small digits ii. and iv. answer to the outer and inner toe of 
the foot of the Paheothere, the miocenc Hipparion, on the 

• Th« tridact^ Ie horse wan called Jlipparion (Gr. for " little horte ") b^- M. 
(7hriRto1 (1832), and mppoOtrmm, bjr Dr. Kwip (ISSft). 
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derivative lij^otliesis of species, iiii^rlit be the tmnsitioual 
form between the upper eocene Palajotheres {PalopJothcrium 
and Anchith4inum) and the modern horse. 

Specie-s of true E<pnLS with the sjnirious hoofs snppi-essed, 
and the interlobal column blended with the body 
of the tooth (fig. 151, m i and 2), first make their 
appeaitince in pliocene beds. Equiis jjliculcns, 
so calletl because enamel-ridges on the teeth are 
more plaited than in the recent horse, occurs in 
pliocene brick-earth, and in the Oreston Lime- 
stone caves, England ; a similar sjiecies has also 
been found associated with Mtistodon and Ceto- 
tolites in a pliocene deposit at Newberne, N<irth 
Carolina. In South American formations of 
similar ago, a horse {Equus curvidens) with 
grinding teeth more bent than usual, has left 
its remains along with those of the Mcga- 
thcrunii. Both kinds of aboriginal American 
horse became extinct with the larger quadru- 
]>eds with wliich they were associated in the two divisions of 
that great continent. The Eqnus fossilis of the cmg and <lrift 
gniv(4 of England appeal's to have had grinders with a less 



m 

lloilL'H of f<>(»f. 

Hi'pparion. 



^ -L 




Vig 151. 
I>^-ntition of upjxir jaw, horw. 

transverse diameter than our nmdciii variety of similar size. 
Fo.ssil e(|uine teeth, of tht^ size of those in tlie /.cbm and ass, 
have also been found in pliocene and later deposits of Imth 



9^ 




HIPPOPOTAMUS. 3Q9 

Europe and North America. It is remarkable that no equine 




Fig. 102. 
Deutitiou of lower jaw, horhc. 



animal exij^led in tlip Ni w \\'<>iki at the time of its din- 
covery by Columbus ami his Ibllowera. 

Goim Hippopotamus, L. — ^The discovery, in lacustrine and 
fluviatile deposits of £uzope, of the remains of an amphibious 
genus of Mamma], now restricted to African rivers, gives scope 
for speculating^ on the natnre of the land vhich, uniting En«^- 
land with tlic Cuulinent, was excavated by lakes and inter- 
sected by rivei-s, witli a suuiewhat warmer tempfrature than 
at present, to judge by a few S. European shells which occur 
in the fresh-water fonnations-^.^., at Grays* Essex, where 
remains of the lai^ge extinct ffippcpoUtmuA major have been 
found. The specimen of the lower jaw (fig. 15+) was dis- 
covered in the * Forest bed,' l»elow glacial ('la\ , nn thr Xdi t'olk 
coast. Other localities are specified in the writers ** liisiury 
of Biilish Fossil Mammals," 8vo, 184G. 

The first premolar has a simple subcompressed conical 
crown, and a single root ; it rises early, and at some distance 
in advance of the second premolar, and is soon shed ; the 
second (ib.^ i) stands a litth^ a))aii; from the third ( 3 ). This 
and tlie f«»mlli premolar r«-taiu the 8iijj])lr conical form, but with 
increased size, and ai-e impressed by one or two longitudinal 
grooves on the outer surface^ wiiicli, when the crown is much 
worn, give a lobate character to the grinding surface. The 
true molars (m, 1,1,3) are primarily divided into two lobes 
(fig. 1 53) by a wide transverse valley, and each lobe is sub- 
divided by a narrow antei'o-posterior cleft into two half cones. 
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with tlieir flat sides next each other ; the convex side of each 
half cone is indented by two angular vertical notches^ bound- 
ing a strong intermediate proniinenca When their snmniits 

lH»<[»in to be al)ra<le(l, vm h 
\o\h\ ui j»air of dt'inicoiu-s 
presents a double trefuil of 

SS^^^^V^' ^"t^ grinding sur- 

mWi^^ ^ «8 shewn in fig. 158: 

W^JmRlM^-^ ^ ^ / when attrition has proceeded 

to the base of the half cones, 

llu'ii the ^'liiidiii^f sni laces of 
cac'li l(»l»o jjivscnt.s a qua(lril'>- 
bate fij^iire. Tlie t rown of the 
last molar tooth of the lower 
jaw is lengthened out by a fifth cone, developed behind the two 
normal pairs of half cones, and smaller in all its dimensions. 

The liii>i»n|><itaiiius is first met with in pliocene strata. 
The r<Mnaiiis of //. M'ljor liave bitbeito been found only in 
Europe; they are common along the Mediten-ancan shore, 
and do not occur north of the temperate zone. In Asia Uiis 




Fig. 153. 
Mol*r tootli, Hippo]H(tamu«. 




Fig. 164. 

Lower Jaw of Uifpofotamm nuyor (freth^water Poit-pliocene, Norfolk). 

form of rachydonn was rcqtresenUd, i>erliap.s at an earlier 
period, by the j^einis Jfe.'dprotodnn — essentially a hippojK^ 
tamus, with six incisor teetli, instead of four, in each jaw. 
Suidet. — ^The extinct CharopoUmuSt Anthraroihmumf Hyth- 
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potamus, and Hippohytift, had the typical dental formnla, and 

this is ym'servcd in the existing representative oi' the same 
seetion of non-riiminant Artiodactyles, the hog. The tirst true 
molar when the permanent dentition is completed, exhibits the 
effects of its early development in a more marked degree than 
in most other Mammalia^ and in the Wild Boar has ite 
tal>eTcle8 worn down and a smooth field of dentine exposed 
by the time the last molar has come into place ; it originally 
bears four priniarv cones, with smaller subdivisions formed by 
the wrinkled enamel, and an anterior and posterior ridge. The 
four cones produced by the crucial impression, of which the 
transverse part is the deepest^ are repeated on the second true 
molar with more complex shallow divisions, and a lai^r 
tuherculate posterior ridge. The greater extent of the last 
molar is chiefly produced by the development of tlie back ridge 
into a chist«'r of tubercles; the four primary cones l)eing dis- 
tinguishable on the anterior main body of the tooth. The 
crowns of the lower molars axis veiy similar to those above^ 
but are rather narrower, and the outer and inner basal tuberdes 
are much smaller, or are wanting ; 
the grinding surface of the last 
is shewn in fig. 1 55. 

Extinct species of hog have 
been found in miooene beds at 
Eppelsheim (Sus fOjUoochairuB, ^ 
Kp.), and at Simone {8. mmar- ^^•'^^ Hog. Nat.««». 
rensvi, Lt.) : in pliocene beds (,S'. nrv€rn€n--fis, Crt.), and in 
later deposits, where the species {S. scro/a /osilis) is not dis- 
tinguishable from the present wild boar. 

Order Kuminantia. 

Of other forms of beasts subsisting on the vegetable pro- 
ductions of the earth, and more akin to actual European Iler- 

2 D 
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bivom, there oo-existed, in Europe, with the now exotic genem 
Klepha.% Rkinoc» roK, II tjjjKqwtiniiKs, etc., a vast asseiiiblaj^'e of 
species, uearly all of whicli have passed away. Tlie quaiiiu- 
peds called " KuniiDants," from the chaiBcteristic second 
maatication of the partly-^igeated food by the act called 
^ lumination " or ^ chewing the cud," constitute at the present 
period a circumscribed group of Mamma1ii> which Cuvier 
believed to be " the most natural and liest-Klefined order of 
the class."* He eliaiYicteiiseU it as liaving ineisive teeth only 
in the lower jaw (fig. 161, c), which were replaced in the 
upper jaw by a callous gum. Between the inciaon and molars 
is a diastema, in which, in certain genera only, may be found 
one or two canines. The molars (fig. 161 » /i), almost always 
six on each side of both jaws, have their crown (fig. 156) 
marked by two double crescents (t5., o, b, c, cQ, with the con- 
vt xity turned inwardd in tlie upper set, outwards in the lower, 
Tlie four 1^ are terminated by two toes and two hoofs 
(fig. 16 IX flattened at the contiguous sides, so as to look lilce 
a single hoof doyen ; whence the name ^ dovenrfooted," also 
given to these animald. 

The precise definition of the order Ruminantia, a.s it now 
exists, is attected by certiiin peculiarities of the camel tribe ; 
and the true significance of these will be better understood if 
we recall the chaiacteis of the AnogpkikMrwm* The upper 
true molars (fig. 128) have two double crescents, convex in- 
wards, one of the inner ones being encroached on by a lavge 
tubercle, ///, the reduced homologue of whicli may be seen in 
the interspace of tlie erescentij in the ox and some other 
Kuminants (fig. 156, m). The lower true molars also, at one 
stage of attrition, form ciescentic islands of enamel, with 
the convexity turned outwards, as in Buminants, the last 
molar having the accessory crescent behind. The functional 
hoofs were two in number on each foot (fig; 129), but 

* Rvgne Animal, ton. i., p. 2M- 
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must have, resembled those of the camel tribe in shape ; 
the scaphoid and cuboiil of the tarsus were distinct also, a.s 
in the Camel idee ; and the metacarpal and metatai*sal bones 
were divided, as in the water musknleer {Moschus aquaticm)^ 
and in the embrj'os of all Ruminants. The dentition of the 
extinct Dichodon (figs. 130, 131) made a still nearer approach 
to that of the Huminants. The chief distinction of this and 
otlier extinct Herbivores with double crescentic mohii-s is tlie 
completion of the upper series of teeth by well-develoj>ed 
incisore. But the premaxillaries in the new-born camel con- 
tain each three incisors, one of which becomes fully deve- 
loped. The Cavuiidce are hornless, like the Anoplotherioids 
and Dichodonts ; and with one exception — the girafle — all 
Ruminants are bom without horns. 

Thus the Anoplotherium, in several important cliaracters, 
resembled theenibr}'o Ruminant, but retained thixuighout life 
those marks of adhesi<m to a more generalized mammalian 
type. Tlie more modified or speciidizeil form of hot»fed animal, 
with cloven feet and ruminating stomach, appears at a later 
period in the tertiarj*^ series. 

The modification of the upper molars of the existing Rumi- 
nant quadnipeds consists in the lower and less pc»inted lobes of 
the crown, the unworn summits of 
which are at first rather trenchant, 
like curved blades, than piercing, a )1 
They are soon abraded by mastica- 
tion, and present the crescentic lobes 
of dentine (a, r, c^) shewn in fig. 
156. Tlie transverse double-cres- ^^^m 
centic valley x) contains a thicker Fig. ise. 

layer of cement, and forms two de- Megaceron. 
tached crescents in worn teeth. The premolars resemble in 
stnicture one half of the tnie molars, divided from within, m, 
outwards. 
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Family — Ckiivipj;. 

Cuvier* first made known the fact of teeth with the cha- 
racter of rwminant molars, and of portions of antlers, being 

associiiti'd with it'inaius uf Masfo<lon in tlie fresh-water 
bods (probably pliocene) of Moiitabusard, department of the 
Loiret. These early ruminant foasils agreed in size with the 
roebuck ; but there were chaiactets shewing that they di^ 
fered almost generically from all known deer. Subsequently 
the entire cranium of a small Ruminant (/)orMrMmttm> Kaup) 
was found in tlie iniocene strata m ar Eppclsheuii, the teeth of 
whicli resembled those descrilxd and figured by Cuvier; but 
tlie series being complete, sbewed that the animal had seven 
grinders on each side of the lower jaw, and long procumbent 
canines in the upper jaw. Moreover, the animal possessed, 
like the males of the small deer of India called ^ Muntjac," 
pedunculate ant lei's as well as canine teeth. Both iu the 
miocene bt ds of Ingre and Ei)pelsheim, similar fobbii antlers, 
simply bifurcate near their end, have been found. It is pro- 
bable that these which have been referred to the nominal 
species Cervm anocems may belong to the DmmQi^Hfim. 

Other species of Cervuim were, however, associated with 
that reiiiaikable form in the miocene period. Dr. Kanp 
ascribes some more or less mutilated antlers, wliich had 
been shed, to a species he calls C. dicraiwceras. The beam 
rises from one to two inches without sending off any 
branch or brow-antler ; it then sends off a branch so large 
and so oblique that the beam seems here to bifurcate ; the an- 
terior pnmg is, however, the smallest and shortest The writer 
has received similar .slicd and niutihUed antlers from the red 
crag of Suilolk, which seems to contain a melange of broken- 
up beds of eocene, miocene, pliocene^ and post-pUocene agaf 

• OMemena FoidUss, 4to, torn, iv., p. 104, pi, viii., figs. 5 WaA 6. 
t Quarterly Jonr. of the G«o]. 8oc., toI. sii., 1666, p. liga. I4.1«. 
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The cervine Ruminants have heen divided iuto tiubgenera 
according to the forms of the antlers. Of the group with 
antlers expanded and flattened at top, of which the fallow- 
deer {Dama) is tlie type, no fossil examples have been found 
in Britain. (Javier has described and li«;urud autlera of great 




Fig. 157. 

Megoeerot H*benucv$ (Fleiatocene uwrl). 



t*ize from the drift gravel, unclerl}nng fresh-water sands, marl 
and brick-earth, in the valley of the Somme, near Abbeville, 
which* from the relative position and direction of the brow- 
snag and mid-snag, and from the terminal palm, he regards as 
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a laige extinct species of &llow-deer ; the name Cenm$ 8omo* 
iuntia has since been attached to this spedeSb About the 

same period was represented by a gigantic 8j>ecie8, a group 
{Me^aceroSy fig. 157) rharaftcri/i'd liy a turni of anther at pre- 
sent unknown amongst exiistiug sj>ecie.s of deer. With a beam 
(b) exjianding and branching towards the summit, as in Dama^ 
and with a brow-tyne this antler shews also a back-tyne 
Moreover, in antlers, with an expanse of ten feet in a 
straight line from tip to tip, and which, from their size and 
fi)rnu sicm tn have been develo|K'(I by the deer at its prime, 
the brow-tyiK' expands and sometimes bifurcates — a variety 
never seen in the fallow-deer, but which betoiucs exaggerated 
in the rein-deer group. The Megaeeras Hibeimieua (fig. 157), 
is not only remaikable for its great size, but for the great 
relative magnitude and noble form of its antlers ; it is the 
species commonly called the "Irish tlk ;'' but it i.s u true 
deer, intermuthate lietween the fallow iiiul n^in-vloer ; and 
though most abundant in, it is not peculiar t<>, Ireland. In 
that country it occurs in the shell-marl underlying the 
extensive turbaries. In England its remains have been 
found in lacustrine beds^ brick-earth, red crag, and ossiferoua 
caves.* 

Tlic n iii-tlcer {Vermis Tarandns) hm the largest propor- 
tional antlers (tig. 158) of any existing species. The beam is 
somewhat flattened throughout^ but expands only and sud- 
denly at its extremity, a similar expansion characterizing the 
brow-tyne (hr) and mid-tyne (fe), two^ three, or more points 
being developed from all these expansions in fully-developed 
antlei-s. The brow-tyne is remarkable for its length. There 
is also tVe<juently a short back-tyne. This branch, therefore, 
with the great relative size of the antlers, the complex brow- 
tyne^ and the terminal expansion of the beam, shew the affinity 
of the rein-deer to the extinct Megaceros, 

• Uwcn, Ilistor)- of British FoBsil MamnialB, j». 444. 
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The lein-deer is now restricted to northern Mitudea^ 
and to extieme ones in Eniope^ but ranging in Amerioa hxm 
the AicUc Circle Boathward to the latitude of Newfound- 
land, where the large variety called " Caribou " still exists. 

llein-deer of siuiilar size, ranged over contiiiLUiuI Europe, 
appear to have been seen by Ciesar in Geimany, and have left 




fig. 156. 

SknU and Mtton of C^nm Tarambn. 



good evidence of their existence in many parts of England. 
Tlie specimen figured (fig. 158) was found in post-pliocene 
''till* at Bilney Mooi; East Deieham. 

A large deer» with suboompressed ramified antlers, slightly 

expantlini: at tlie base of the terminal divisions, but differing 
from the rein-dwi iu the absence of the l)io\v-t\ ne, has left 
its remains in the post-pliocene sands of Kiege, near Pczenas* 
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France. It is the Cervm maHialis of GrervaiB ; and seems to 
have been an intemediate form between the rem-deer (Tor- 
andiU) and the elk (Alces)* Theve Is no existing represen- 
tative of this interesting annectant form of deer. 

Ill luiuuitidiis (if c<»in>]K.ii(lmg age in France, called 
** alluvions volcaniqueis" by Gervais,* fossil antlers of two 
other extinct si)ecies of deer have been discovered, in which, 
as in Alcea, the brow-antler is absent, but in which the beam 
does not expand into a palm. 

In North America remains of a laige deer (Cerma ameri- 
canus /osstltUt llaiiun), much resi'inbUng the Wapiti (Cirrus 

canadensis) have beeu found 
in post-pliocene deposits on 
the banks of the Ohia In 
South America Dn Lonid 
discovered fossil antiets of 
two species in boue-caves in 
Brazil : they were associated 
with remains of an ante- 
lope {AfUihpa mo^inefWM^ 
Lund) of which genus no 
living representative is now 
knowTi in South America, 

Of deer with antlers of 
the ty]»e ot the exiatiijg red- 
deer (6'. claphm), a species 
is indicated in post-pliocene 
fig. 109. beds and bone caves which 

AaUerofBi^Aer,firoiiiiiUaWiiimI«l«d.yj^jjj^^l Megacmm in 

bulk {Sfronffyloceros fqyelmm) ; and ^villi tliis are found, in 
similar places of deposit, remains of a red-deer with antlers 
equalling or surpassing the finest that have been observed 
within the historical period. 
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Fig. 159 represents one of a pair of antlers from the bed 
of the Bayne at Drogheda, now in the miiBeiim of Sir Philip 
l^rton, Bart, which meaaiuea 30 inches in length, and 
sends off not fewer than fifteen branches or ''tynes." a 

is tlie ** brow-tyne/' which rises immediately above the 
**burr ;** b the second, c the third, and d the "ciuwii" or ter- 
minal cluster of tynes, which gavu to the deer developing 
them at the period of his full perfection the title of ''crowned 
hart" 

The little roebuck (Otepnolus), like the red-deer, appears 
from its fossil remains to have continued to exist from the 

prehistorical pubt-plioccnc t'uims to the prcbeut period. 

FaMILT. — CAMlLOPABDALinJB. 

Remains of a laige nunxnant resembling the Giraffe in 
the proportions of the lower jaw, and in the secondary modifi- 
cations of the grinding teeth, have been found in old pliocene 

deposits of the south of France and uf (-Jn < ce. It liad linibs 
as long as those oi" the Girafle, but it appeals to have been 
devoid of horns, and to hn\ e sliewn some annectaut charac- 
ters with more normal families of ruminants. IM. Gaudiy 
proposes for this form, as exemplified by the fossil temains 
recently discovered at Fikermi, the genus Hellada^enufitf to 
which also he refers the Camdopardalis Biiurigvm of Duver- 
noy.* The fossils from the older pliocene of the Sewalik iiiUs, 

* Comptes liendas de I'Acad. dei Sciences," ItitiO. I bad expr^sed a 
nmibr opinioii in the letter eited bjr Prof. Dtmrncij in bii Memdr : — " ' Draa 

Mi charact^rcs lea plus eiiscntiels !e foHoile d'iMOiidiin •pproclie d»T*nt«g« du 

^ifrnrc ' iirafo, mail diffTre il nnf inani^re frappant'' d^^ p«!p?c**i fxi^antes da 
Mill et de l ost de TAfriquo, et que ma UevimioRtt tendeut vers le sous-genre 
i^ian.' Aiufii M. Owen irait encore pins loin que moi dans rapprcciaiion dos 
difSSrencM qii*il a troorfaa eDtre 1ft Gimfe de NqUb at le fbaifle d'ltwwdmi 
et Mroblerait vouloir les elever a dcH charactorcs g^ncriqoM." P. IH. Annalcs 
dcH Pcicnres N'attirolloR. ft'ne, tom. 5. '/(Mtlog-i.-'l, 184S| p. 1, pi, 2. " 8lir 
line maclioirc dc Girafle fossitc d^couTertc h Issoudun.'' 
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referred hy Cautley and Falconer to Canielopardnlis sivalensis 
and Cam, afink, may likewise belong to the Helladothenan 
type. These diacoveries yield the main fiust that Giraffe-like 
ruminants had formerly a much more extensive range than 
at the jiresent day ; and they indicate, with other pala onto- 
logical evidence, that the continent of Africa has undei^one 
less change since the mioceue period than either £uiope or 
Asia. 

Family.— ANTILOPID.K. 

The most gigantic and extraordinary of the extinct 

"hollow-homed" ruminants are those called Sivatherium, 
from the Siwalik hills, and Bmmatherinm from Perim iblaml ; 
both from deposits of tlie older pliocene period. The head 
was ver\' laige, broad but short, and sustained two pairs 
of horns ; it was supported on a short and poweifnl neck. 
The proportions of the skull and cervical vertebise were the 
reverse of those in the giraffe, from which also these huge 
pachydermoid antelopes diiiered in the horny sheathe of the 
horn-cores. 

In the SioatJieriu/n the hinder pair of bonis was expanded 
and branched, as in the Aniilop$ furcifera. In the Bramor 
thforium the front pair of horns was the longest and lai^t 
The little AnHhpe quadrieomis of India is now the sole 

repi-esentative of tlie great foui-iiurned ruiumanU of the older 
pliort'iie period in that continent. 

fcJmall antelopes, resembling the Grimm of Senegal, have 
left remains in the miocene of Sansans (A* nuaimiana and 
A, davata), and in the Suabian "moUasse" (1. molamea), 
A* deperdita is from the older pliocene of Vanduse, and A. 
dichotoma from the newer pliocene of Gcrs. Tlie chamois 
(-4. rujrru'ujjra) is now the sole existing European aiiteldpe. 
Besides the A* nia^virmms, already noticed, from Brazil, the 
limestone caverns of that country have also yielded remains 
of an antelope^ on which their discoverer, Mr. Lund, has 
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founded his genus L^pitoUuarvim, No true antelope U now 
known to exist in South America. 

Family — Bovidji. 

The earliest known nmunants are the cervine Dorca- 
iherium from the miooeue of Eppelsheim, and the antelopine 

s[K*cit's from that of Sansan. The huge four-homed Sivathere 
ami liiaitiathei-e may be from d^ixxits uf like antiquity in 
India. Fo.ssil molars uf lliu ruminant t}'])e and bovine cliar- 
acter have hitherto been found only in beds or lireccias of 
pliocene and post-pUocene age. At those periods in Britain 
there existed a veiy laige species of hison {Biaim priseui^f 
and a larger s]»ecies of ox (Bo8 antvi'ius^^ from pliocene fresh- 
water beds ; whilst a somewhat less but still stupendous wild 
ox {Bos primii/i nii'.^) 1ms left its remains in post-plitx eue 
marls of England and Scotland. Witli this was associated an 
aboriginal British ox of much smaller stature and with short 
horns (B. knufifrans), which continued to exist until the histori- 
cal period, and was piohably the source of the domesticated 
cattle of the Celtic races before the Roman invasion. A huge 
buffalo has left its remains in the old pliocene beds of the 
Sewalik hills: tliuse of u smaller 5;{)eci«'s Ihilxilus antiquum, 
Duv.) occur in the newer pliocene of Algeria. A buffalo, 
not distinguishable from the existing musk kind {Bvhalus 
vMeehatmjt now confined to the northern latitudes of North' 
America, roamed over similar latitudes of Europe and Asia in 
oom]>any with the haiiH*lad elephants and rhinoceroses: its 
remains have been found iu glacial claj and drift, in iui^^iund.* 

Order Carnivor.^. 

The quadrupeds which subsist by ]>reying upon others 
co-existed under several generic and spccihc forms with the 
« Owen, QoMrtorlj Joarml of O«ologicftl Society, vol. xH. (1856X p. 1S4. 
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numerous and various Herbivora of the newer tertiaiy periods. 
A brief description has already been given of some of the 
singular forms, the genera of which are extinct* that lived in 

eocene and miocene tim^ 

Gemt^ G.VLECYNUS, Ow. — lu 1829 the fossil skeleton tii" a 
Carnivore, of the size of a fox, was discovered by Sir Roderick 
I. Murchison in the pliocene schist of (Eningcn. On a close 
comparison of this specimen, the writer finds that the first 
premolar is smaller, and the third and fourth laiger than in 
the fox, and all the teeth are more close-set and occupy a 
smaller space than in the genus Cani^ ; the liones ot the feet 
are more robust ; and these, with other charactei-s, indicate 
an extinct genus intermediate between Canis and Viverra^ 
The unique specimen is now in the British Museum. 

Feus, L. — Aa it is by this form of perfect Camivore 
that Cuvier chiefly illustrated his principle of the correlation 
ut' animal structures, it will be cxemplihed luuic particularly 
in this place, and by the aid of the subjoined cut (lig. IGO). 
The founder of palaeontology thus enunciates the law which 
he believed to guide effectively his labours of reconstructing 
extinct species : — 

** Every organized being forms a whole, a single ciicum- 
scribed system, the parts of which mutually correspond and 
concur to the same detinitive action by a reciprocal re-action. 
None of these parts can change without the others also 
changing, and consequently each part» taken separately, indi- 
cates and gives all the others." t 

Cuvier did not predicate that law by an bprwri method: 
he arrived at it inductively, and after many dissections had 
revealed to him the following facts — the size and .shape of the 
piercing, lacerating, and trenchant teeth ; the mechanism of 
the retractile daws, and of the joints of the limb that widded 

* Se« Qoarterljr Joamal of Uie Qeologicd Society, toI. iii., 1847, p. 55. 
t OiMDMiui FmrIm, 4t(S torn. i. (1812), p, 58. 
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them ; that the jaw of the Carnivore is stmug by virtue of 
certain proportions ; that it has a peculiarly shaped and arti- 
culated condyle, with a plate of bone of breadth and height 
adequate for the implantation of muades, with power to 
inflict a deadly bite ; that those mnscles are of such m^l- 
tudp RB to require a lai-<;e exkiit of surface for tlieir origin 
from the crauiuni, with concomitant strength and curvature 
of the zygomatic arch ; the relation of the strong occ^ital 
creat and lofty dorsal spines to vigcrous uplifting and retrace 
tion of the head when the prey had been griped. When 
Ouvier had recognized these facts, and studied thdr eorre- 
lations in a certain miinber of typiral CarnlvorOj lie felt 
justified in asserting that ** the form of the tootli gives that of 
the condyle, of the blade-bone (s), and of the claws, just as 
the equation of a curve evolves all its properties ; and exactly 
as» in takmg each property by itself as the base of a particular 
equation, one discovers both the ordinary equation and aU its 
properties, so the claw, the Idadc-bono, the condyle, the femur, 
and all the otirer bones individually, give the teetli, or are 
given thereby reciprocally ; and in commencing by any of 
these^ whoever possesses rationally the laws of the oiganic 
economy will be able to reconstruct the entire animaL" The 
principle is so evident^ that the non-anatomical reader will 
have little difficulty in satisfactorily comprehending it by the 
aid of the .subjoined dia^mira. 

In the jaws of the lion (hg. 160, m\ there are large 
pointed teeth (Uniaries or canines, c) which pierce^ lacerate^ 
and retain its prey. There are also compressed trenchant 
teeth (h), which play upon each other like sdssor-blades in 
the movement of the lower upon the upper jaw. The lower 
jaw (m) is short and stroug ; it articulates to the skull by a 
transversely extended convexity or condyle {d), received into 
a corresponding concavity (e), fonniug a close-fitting joint* 
which gives a firm attachment to the jaw, but almost restricts 
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its movements to one plane, as in opening and dosing the 
mouth. Tlie plate of bone, called coronoid process (r), which 
gives the .surface of attachment U> tlie chief biting muscle 
(^crotiiphyte or temporal) is broad and high ; the surfjice on 

the side of the skull (tem- 
poial fossa, t) from which that 
muscle arises is oonespond- 
in^jly larjre and deep, and is 
aufimciitcil by the extension 
ot ridges of bone from iU up- 
per and liinder peripheiT. 

The bar or bridge of bone 
(zygomatic arch) which spans 
across the muscle, bends 
stronLjly outwards to auprnient 
the space for its passage; and 
as it gives origin to another 
powerftil biting musde (mas- 
seter), the arch is also bent 
upwards to form the stronger 
point of resistance during the 
gri])e of that muscle. From 
almost all the periphery of 
the back sui&ce of the skull 
there is a strong pitted ridge, 
affording extensive attach- 
ment to powerful muscles 
which raise tlie head, tojrether 
Vig. ifio. with the animal's body which 

FUaontologicai characters of a Feline the Uou may have seiaed with 

Carnivore. , . . , . 

his jaws ; this beast of prey 
being able to draw along the carcase of a buflklo, and 
with ease to raise and bear off the body of a man. If we 
next examine the framework of the fore limb, which is 
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associated with the above-defined structuro of the skull, we 
find that the fore paw consista of five digits (i*f); the 
innennost and shortest (f) answering to our thnmh, and 

h.i\ iiig two bones; the other fonv tli<^it5 having each three 
boues or ** phalange.s." All tho?»e digits enjoy a cei lain iitie- 
dom of motion and power of reciprocal approximation for 
grasping; but their chief feature is the modification of the 
terminal phalanx, which is enlaiged, compressed, subtriangular, 
and more or less bent ; with a plate of bone, as it were, re- 
flected forwards from the base, beyond which the pointed termi- 
nation of tlie plialanx |ir<>i<'ct*j hke a pei; from a sliuath. A 
powerful, compressed, incurved, sharp-pointed, liard, homy 
claw is fixed npon that peg^ its base being firmly wedged into 
the interspace between the peg and the sheath. The toe-joint 
so anned is retractile. This complex, prehensile, and destruc^ 
tive paw is articulated to the two bones of the fore 1^ 
(radius, //, and ulna, u) ; they are both strong, are both distinct, 
arc til inly articulated to the arm-bone {h) by a joint, which, 
although well knit, allows great extent atul freedom of motion 
in bending and extension ; and, besides this, the two bones 
Bie reciprocallj joined so as to rotate on each other, or rather 
the radins upon the nlna, carrying with it, by the greater 
expansion of its lower end, the whole paw, which can ihus he 
turned ** prone" (»r ''supine;" whereby its application as an 
instrument for seizing and tearing is greatly advantaged. The 
humems or arm-b<me (h) is remarkable for the extension of 
strong ridges from the outer and inner sides, just above the 
elbow-joint These ridges indicate the size and force of 
the supinator, pronator, flexor, and extensor muscles of the 
paw. To defend the main artery and nerve of the fore leg 
from compression during the action of these muscle^ a bridge 
of bone (a) spans across them. The upper end of the arm- 
bone is equally well marked by poweiinl tidgee for muscular 
implantation, e8i>ecially for the deltoid; but these ridges 
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do not project beyond the round "head" of the bone, so as to 
impede its movements in the socket. 

The blatle-bone (scapula s) is of great breadth, with well- 

develoj>ed processes (spine, 
acromion, and coracoid) for 
muscuhir attachments ; the 
size and shape of this bone 
i-elate closely to the volume 
of the muscles which oj^rate 
upon the arm-bone and fore 
limb. A small clavicular bone 
(b) is interposed between a 
muscle of the head and one 
of the arm, giving additional 
force and determination of 
action reciprocally to both 
muscles. 

Such are some of the modi- 
fications of the teeth and fi-ame- 
work of a beast of prey, which 
concur, and were deemed by 
Guvier to be correlated, in the 
organization of such animals. 

Let us compare them with 
those of the corresponding 
parts in an ox (fig. 161). Tlie 
teeth answering to the great 
laniaries in the lion are absent ; 
at most, one recognizes the 
T» 1 » 1 • f Tj • homologues of the lower ca- 

Palieontological cimractora of a Kumi- ^ 

nant {Bo$). nines, reduced in size and 

altered in shape, so as to form the outer teeth (c) of a bent 
row of incisors terminating the lower jaw. The back teeth 
(h) instead of being trenchant, have broad and flat crowns. 
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roughened with hard riilg(?s, opposing each other with a grind- 
ing action, like mill-stones. The lower jaw is long and slender ; 
it articulates to tlie skull by a flat condyle (d), admittuig of 
rotary uio\ ements upon a ilattened articular surface on the skull, 
and limitiug the extent of opening and shutting the mouth. The 
coronoid process (r) is very slender, and the fossa which marks 
the size of the temporal muscle (Q ia correspondingly amalL 
The zy gomatic arch (o) is short and feeble, and its span is nar- 
row; it is ahuust straiulit. or with a slit^'ht bend downwards. 
Thi' parts of the skull (pterygoid plalt'sj whicli utlord attach- 
ment to the rotating muscles of the jaw, and the (angular) pail 
(J) of the jaw into which they are inserted, are of great extent 

The ox masticates grass with great efficiency ; it inflicts 
no injury to other animals with its teeth. The horns are its 
weapons, and they are chiefly defensive. 

The fore foot of tin- ox is n^duced to two princip;d toes, 
witli two rudimentary ones dangling behind. Etich of thes*' 
has its extremity enveloped by a thick homy case, or hoof; 
this modification is accompanied by a junction or coalescence 
of the radius (n) and ulna {u\ preventing reciprocal rotation 
or movement of those bones on each other; by a joint 
restricting the movement of the fore arm (antibrachinm) upon 
the arm (bracliium or liuin. rus, h) to one plane : by a lun^' and 
narrow blade-biiue i^.s), with a ^tunttnl coracoid and no clavicle ; 
in shorty by modifications adapting the limb to peifomi the 
movements required for locomotion, and almost restricting it to 
sndL This type of fore limb is always associated with broad 
grinding teeth, and with the modifications of jaw and skull 
above defined. Tlie due amount of obser\'ation assured Cuvier 
that these several modificatinus, like the ( ('iitrn-strtl ones in 
the Caruivora, were correlated, and he enumerates the physio* 
logical grounds of that correlation. 

These grounds may be traced to a certain degree in the 
secondary modifications of the camivorons order. If the 

2 B 
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retractibility of the claws be suppressed, the caraasdality of 
the tot'th is reciprocally modified. If the iingiiiculate foot is 
reduced from the di«;iti*,n iide to tlie plantigrade type, the denti- 
tion is still more altered, and made more subservient to a mixed 
diet Secondary modifications of the ungulate foot have 
corresponding changes in the structnre of the sknll and teeth. 

By the application of the correlative principle to the fossil 
inanimaliaii rt'iiiaiiis of pliocene and latter dejxjsits, the Ilor- 
bivora have been distinguished h\m\ the Caniivora; and out 
of the latter have been reconstructed extinct species of the 
feline, vivenine, ursine, and other families of the order. 

In England and continental Europe a peculiarly destructive 
feline quadruped existed, with the upper canines much elon- 
gated, trenchant, sliar]>-]>ointed, sabre-shaped, whence the name 
Macknirodus proposed for this feline sulv-genus. It was repre- 
sented by species as large as a lion (J/, cultridcm* and M. 
UUidens); and by others of the size of a leopard {M,palmiden8 
and if. fiugantereon), THub form of Feline first appears in the 
miocene of Auveigne and of Eppelsheim ; next in the pliocene 
of the Val d'Arno ; and finally in cave breccia in Devonshire. 
Species oi' Mtirhdirodi's have been found in the Tampa's deposits, 
in Brazilian bone-caves, and in the fciewalik tertiaries of India. 

The penultimate tooth in the upper jaw and the last 
^ - ^ ^^^ tooth in the lower jaw of the 

felines, were denominated by 
^ Cuvier "dents camassieres." 
The camassial or sectorial is a 
J jfjg, very characteristic tooth in the 

Working nurrncc of (lie upper sectorial CamivOIOUS Ordcr, but UUdCT- 

tooth, H>«na. Nat Bue. ^ modifications, and 
preserves its typical form, as represented in figures 162 and 
163, only in the most strictly flesh-feeding species. In it 

• D( srribed by Prof. NeftU of Florence in hi* " Littera Tenw al. Sig. Prof. 

raolo Savi," 8vn, 1826. 




CAKNIVOKA. 



419 



may be distinguished the part called the " blade " (fig. 1 G2, 
by b\ and the part called the "tubercle" (t). Tlie lower 
sectorial in the genus Filis consists exclusively of the blade 
(fig. 163), which is pretty equally 
divided into two lobes. The blade of 
the upper sectorial always plays upon 
the outside, and a little in advance, of 
the lower sectorial. 

The upper sectorial succeeds and 
displaces a deciduous tubercular molar 
in all Camivora, and is, therefore, essen- 
tially a premolar tooth ; the lower sec- 
torial comes up behind the deciduous 
series and has no immediate })redeces- 
sor; it is, therefore, a true molar, and J*'>g- 
the first of that class. The sectorial Side view of lower sectorial 

tooth, Lion. Nat. size. 

teeth present gradational varieties of 
form in the carnivorous series, from Machairodu,% in which the 
crown consists exclusively of the "blade" in both jaws, to 
Urmis (fig. 1G4, m i), in which it is totally tubercular; the 





Fig. 164. 
Dentition of the Bear ( Urtv$). 



development of the tubercle bearing an inverse relation to the 
carnivorous propensities of the species. 
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The iiiiest examples of the large pleistocene lion {Felts 
spekea) have been disooreted in bone-caves — t,g^ in those of 
Banwell, Somenetshire* and of Belgium. The production of 
the apex of the nasal process of the maxillary, as fieu* back 

as that of the Wd^aX lx>iie, proves this sjK'cies to have l>eeii a 
lion, not a ti^er. It nmnied over pli«xene and post-plioceue 
Europe, and has kft its remains in many stratified deposits 
of the fonner period in Britain* 

Under similar circumstances have been found, more 
abundantly in Germany, the remains of the gigantic bear 
(l^rsns sjyiltrvJ)) and, more abundaullN Jii Enghuid, those of 
the great liya-na {Hjfana sj^hro], probably a s}X)tted one, 
like the fierce Crocuta" of the Cape. Wolves, foxes, badgers, 
otters, ivolverines, and martin-oata^ foumarts and weasels, 
have left their remains in the newer tertiary deposits and 
bone caves. Bats, moles, and shrews, were then, as now, 
the forms that preyed npon the insect world in Europe. The 
majority of tliese Carniv <a;t, like the haivs, rabltits, voles, and 
other Iiodents, are not distioguishable from the species wliich 
still exist These smaUer unguiculate Mammals, like the 
smaller pliocene Buminants, seem to have survived those 
changes during which the laiger species perished. It is pro- 
bable that the horse and ass are descendants of species of 
plioecnc antiquity, Tliere is no certain cbaracter by which 
the present wild hour can be distinguished si)ecificaUy from 
the Su^/ossUis, which was contemporaiy with the mammoth. 

Order Bodkntia. 

This order includes an extensive series of small Mammals 

in wlii( h a single pair of lap^'e, eurve«l, ever-growing ineisoi-s 
in each jaw is associated with many other peculiarities of 
structure. These incisors (tig. 166, t) separated by a. wide 
interval from a short series of molars, charact^riae the 
whole order of Bodents ; the single exceptional family, Ltpm^ 
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Fig. m. 
8kiiD and teeth of • Porenpioe. 



idee, includiDg hares, labbits, and Picas or tailless hares of 
Siberia, retaining a second minute incisor behind each of the 

larger ones in the upper 
jaw. 

Some parts of the 
skeleton, and more espe- 
cially the dentition of the 
rodent order, are highly 
characteristic — ^the form 
of the articular surface 
for the lower jaw, which 
is a longitudinal groove, 
— the molars, especially 
of the phytiphagous kinds, crossed by enamel plates more or 
less transverse — these, with the long; curved, chisel-shaped in- 
cisors, two in each jaw, suflSce to determine the ordinal rela- 
tions of the fossil. The incisors alone would not be always 
so suft' a guide, t<»r tlu* nxleut int)dificati<>n of tliese teeth is 
repeated in the marsupial woiubat and the Icmurine aye-aye. 

The small size of the great minority of the species of this 
order leads to the neglect or the oversight of their fossil 
remains by the labourers in quarries and other deposits of 
stone, to whom the palaeontologist is usually indebted for his 
first ac(|uaintan{ e with characteristic fossils of such forma- 
tions. Xi) «*vi<l<iice has yet Im cu ol»tained of any une(|uiv()cal 
remains of a rodent animal in strata more ancient t)mn the 
eocene tertiarj' deposits. Cuvier detected remains of liudents 
allied to the dormouse (Myoxm) and squirrel {Sciurus) in the 
eocene building<tone of the Montmartie quarriee near Fvna, 
The lacustrine marls of the middle (miocene) tertiaiy period 
have yielded evidences of not fewer than eleven genera of 
Kodentia distinct from any now known to exist. The dep^)sit9 
at Eppekheim, near Darmstadt, of the same miocene age, have 
given evidence of Jiodents akin to the marmot and the beaver. 
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The moie recent tertiaiy fonnations and the hone-caves in 
England have furnished fossil remains not distinguiahahle 

from tlu' fxisiting beavor, han% aiid raMiit, water-vole and 
tiekl-\ ule, an wt U as runiaiiis ut a Pica, or LaiUesji hare, belong- 
ing to tlie genus LcLgtmys, and of a very large Bodcnt, akin 
to the beaver, called TrogcwUurium, Similar fossil remains 
have heen abundantly found in the fdiocene and later forma- 
tions of continental Europe, including representatives of the 
genus HystrU\ or fossil i)oiLUi>ines {H. refomi, Ger.), from the 
pliocene of Issf)ire. The cocN al deposits of America have 
yielded fossil lemaius of extinct species belonging to geneiu 
— e. LagosUmuB, Echimys, CUnomyi, Ckelogenyi, and other 
Cavies — ^now restricted to South America. In North America^ 
fossil remains of a Bodent (Casterofde^} of compamtively 
gigantic size have recently been discovered. 

Tlie great beaver {Troijonthrriitvi) seems to have become 
extinct in England and the Europieo-Asiatic ooutineut before 
the liistorical jieriod ; whilst the smaller pliocene beaver con- 
tinued to exist with us, like the wol^ until hunted down by 
man. It still survives in a few of the great continental rivers. 
Of the little La^omys of onr ossiferous caves no living 
example renmiiis in either Eiiglaml or Europe. Tlie sj)ecie.% 
indeed, may be extinct : its genus is now limited to Central 
and Southern Asia. 

OEOGBAPHICAL DISTRIBUTION OF PLEISTOCENE MAMMALS. 

A most interesting generalization has heen educed from 
the mass of facts relatinir to tlie fossil Mainmals of tlie later 
tertiaries — viz., the close currespondence between tlu* fauna of 
those and nf \]u- ])ie8ent periods in the Europa^o-Asiatic ex- 
panse of dry laud. In this expanse species continue to exist of 
nearly all those genera which are represented hy pliocene and 
post-pliocene mammalian fossils of the same natural continent^ 
and of the immediately adjacent island of Great Britain. 
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The bear luis its haunts in both Europe and Asia; the 
beaver of the Bhone and Danube represents the great Trogon- 
therium ; the lagomys and the tiger exist on both sides of 
the Himalayan mountain chain ; the hytena ranges through 

Syria aiul liiuJubtaii ; the Bactiian taiiiel typifies the liugi' 
Merycotherium ol" the Siheriaii dritt ; the elepliant and rhino- 
ceros are still represented in Asia, though they are now con- 
fined to the south of the Himalayas. The true macacques are 
peculiar to Asia, and though most abundant in the southern 
paits of the continent and the Indian Archipelago, also exist 
in Japan ; a closely-allied sub-genus {Iiimis) is naturalized 
on the rock of Uibndtar at the ]>iL*sent day. A fossil hj>eei<'s 
of Macucus was associated with tlie eiephtiuL and rhinoceros 
in England during the period of the deposition of the newer 
pliocene fresh-water beds. The more extraordinary extinct 
forms of Mammalia, called Shm^jiherium and SiveUhemm, 
have their nearest existing pachydennal and nuninant ana- 
logues ill the same continent to which these fossils are pecu- 
liar. Cuviei ] (laces the Elasmothere between tiie iiuiise and 
rhinoceros. The existing four-lionied antelopes, like their 
gigantic extinct analogues, the Sivathere and Bramathere^ are 
peculiar to India. It may be regarded as part of the same 
general concordance of geographical distribution, that the 
genus HippopotamuSy extinct in England, in Europe, and in 
Asia, should continue to be represented in Africa, and in 
none uf the remoter continents of the earth — Africa also hav- 
ing its hysna, its elephant, its rhinoceros, and its great feline 
Carnivores. The discoveiy of remains of Hyosna eroeuia, now 
peculiar to Afiica, and of EUphas afiioonmf in bone-caves of 
SicUy, and the shaUownesa of the sea sti^hing from that 
island towaids Africa, intlicate the course (»f submergence of 
part of the land once connecting Africa with Europe. The 
Uelladnthcnum of Greece, and other extinct species of Camelo^ 
pardalis in both Europe and Asia, of which genus the sole 
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exist iun re})ri'sriit;itive is uow^ like the luppopotamuB, coniitied 
to Africa, adds to the propriety of tegaiding the three conti- 
nuous continental divisions of the Old World as fonmn^^ in 
respect to the geographical distribution of the pliocene^ post- 
pliocene, and recent mammaliaD genera, one great natnral 
jiiuvinee. The nnly lai*ge edentate animal {Panrjolrn iji'jan- 
tesqitCy Cuvier ; Macrotheviwmy L;iitetj hitherto louud in the 
tertiary deposits of Europe, maniiest^ its nearest affinities to 
the genus Mani^ which is exclusively Asiatic and African. 

Extending the comparison between the existing and the 
latest of the extinct series of Mammalia to the continent of 
South America, it may be first remarked tliat, with the excep- 
tion of bome carnivor»JUs and curvine .s])ecies, no representa- 
tiv(^s of the above-cited mammalian genera of tlu* Old World 
of the geographer have yet been found in South America. 
Buifon * long since enunciated a simOar generalization with 
regard to the existing species and genera of Mammalia ; it is 
almost equally true in respect of the fossil. Not a relic of an 
elephant, a rliinuoerus, a hippopotamus, a bison, a hya»na, or 
a lagomys, has yet been detected in the caves or the more 
recent tertiary deposits of South America. On the conti'ar}^ 
most of the fossil Mammalia from those formations aie as dis- 
tinct from the Euiopseo-Asiatic forms as they are closely allied 
to the peculiarly South American existing genera of Mammalia. 

The tj^eiiera Ef/Ktu% Tapii^% and the still more ubiquitous 
Mastodon, form the chief, if not solo cxccptioiis. Tlic repre- 
sentation of E(pi\is during the pliocene and post-pliocene 
periods by distinct species in Asia (A*, pimi^mim) and in 
South America {E, eurvideni^^VA analogous to the geographical 
distribution of the species of Tapma at the present day. 

South America alone is now inliabited by species of sloth, 
f»f armadillo, of ravy, asruti, rteiioiuys, and plalyrrliiiie monkey : 
but no loaail remains ot a quadruped i-eferablc to any of these 
* HiNtoire Naturellc, tom. ix., p. 18, 4to, 17dS. 
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genera have yet hcea dificovered in Europe^ Am, at Africa. 
The types of Bradypm and Dasypw were, however, richly 
represented by diversified and gigantic specific forms in South 
America during the geologieal periods immediately preceding 

the present. The skeleton of one of these forms of the sloth 
tribe is reprebented in lig. 1 66 ; it measiu-es, from the fore 




Fig. 166. 

ExHiiet Termtiul Slotb, Mylodan nMm (PlfiutooeiM, 8. America). 

part of the skull to the end of the tail, 11 feet It was dis- 
covered buried 12 feet deep in tiie fluviatile deposits seven 
leagues north of the city of Buenos Ayres in the year 1841. 

It tViiiiis the subject of a \v(trk entitled, Descri])tioii of the 
Skeleton of an Extinct Gigantic Sloth (MiiJndon robustus)* in 
which are set forth iu detail the grounds for regarding it as a 
member of the same natural family as the present small arbo- 
real sloth, and as being modified to obtain its leafy food by 
uprooting and prostrating trees. 

A still lai^ger species of terrestrial sloth (Mcfjatherinm, 
Cuv.) co-existed with the Mylodon in Jjouth America. Its 

• 4to, 1849, Van VoorM. 
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skeleton, now complete in the British Museum, measures 18 
feet ; its dentition agi-ees as to number and kind of teeth 
"with that of the slotlis [Bradijpus). But the molars (fig. 167) 
are longer, more deej>ly implanted, of more complex stmcture, 
and with grinding surfaces of the bilophodont type. The 




Fig. 167. 

Section of upper molar teeth, Megatherium (one-third nat. size), Pleistocene, 

South America. 

elephants, which subsist on similar food to that of the Mega- 
therium, had their grinding machinery maintained by a nume- 
rous succession of teeth : the same end was attained in the 
Megatherium, by a constant growth and renovation of tlie 
same teeth. The formative pulps were lodged in the deep 
basal cavities, exposed in the section figured (fig. 167, p). Tlie 
molar teeth w^ere five in number on each side of the upper 
jaw, and four in number on each side of the lower jaw (fig. 
168). In this bone the fore part is much prolonged, and 
grooved above, to support a long, cylindrical, jwwerfully mus- 
cular tongue, by which the Megatherium, like tlie giraffe, 
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stripped off the small branches of the trees its colossal 
strength enabled it to prostrate. The dentition of Mylodon 
differed from that of Megatherium only in the shape of the 
teeth. The same may be said of the allied genera MegaUmyx 

and Scelidotlwrium : the former is re- 
markable for the expanse of its lieel- 
bone, the latter for the breadth of its 
thigh-bone. They were all oontem- 
poiaiy and locally associated genera of 
the same extinct fjEunily of great tei^ 
restrial sloths. 

In like manner, the «mall loricated 
and banded quadrupeds of South Ame- 
rica, called armadillos, werc represented 
in pleistocene times in that continent 
by as weUrdefended spedes, rivalling 
the Megatherioids in bulk. The speci- 
men of tlie almost entire skeleton and 
bony armour (tig. lOD) i.s of one of the 
smaller si)eeies of these great extinct 
non-banded armadillos; yet it measures 
from the snout to the end of the tail, 

, -i^iA** Lower jaw uud teeth of 

following the curve of the back» 9 feet; Meg<Hhtrium (Pleistocene, 

the tesselated trunk-armour b«ng 6 feet America). 

in lengtli and 7 feet across, following the curve at the middle 
of the back. These large extinct species differ from the 
modern armadillos, in having no bands or joints in their coat 
of mail, for the purpose of contracting or beading the body 
into the fonn of a balL They also differ in the fluted form 
of the teeth (fig. 170); whence the generic name (Olypt<h 
doii) assigned to them. The species are distinguished, like 
their present puny rei>resentatives {Dosnpas), by peculiar 
patterns of the outer surface of the constituent ossicles of 
the tesselated mail In those of the species figured (G. elor 
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vip€8\ a large raised central circular plate is surrounded by 
smaller portions. The sixjcies named G. reiiculaiuSy G. tnher- 
culatu&y G. omatmy etc., have their names from other modi- 
fications of the sculptured surface of their armour. Above 
the principal fiji^in* in cut 1G9 are shewn the front and back 



maipns of the l)()dy-armour ; below it, op])osit€ the left hand, 
ai*e upper and under views of the cranium, which was defended 
by a tesseluted bony casque. The tail also had its indej)en- 
dent osseous sheath, supported by the vertebrae within, as 
shewn in the fij^mre opposite the right hand. 

Toxidoti* Macrauchenia,^ and Protopith€C2u%\ are additional 
evidences of extinct South American Mammals, matched only 
by species now peculiar to that continent. 

Australia in like manner vields evidence of an analofjous 
correspondence between its last extinct and its present abori- 
ginal mammalian fauna, which is the more interesting on 
account of the very pecidiar organization of most of the 

• Owen, " Fossil Matumnlia of the Vojagi) of the Beagle," 4to, 1839. 

t lb. I I.und. Anualca des Sciences Nat., 2d Reriee, torn, xiii., p. 313. 
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Extinct gigantic Armadillo [Olyptodon clavipes). 
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native quadrapeds of that division of the globe. That the 

Marsupialia form one great natural group, la now generally 
admitted by zoologists; tlie representatives in that group of 
many of tlie nnlei-s of tlie more extensive placental division 
of the Mammalia of the lai^er continents 
have also been recognized in the existing 
genera and species: the dasynies, for ex- 
ample^ play the parts of the Cantivom^ the 
bandicoots (Perameles) of the Insedivora, the 
phalangei-s of tlie Quodrumandy the womhat 
of tlie Rodcntia, and the kangaroos, in a 
remoter degree, that of the Ruminautia. 
The first collection of mammalian fossils 
from the ossiferous caves of Australia* 
brought to light the former existence on 
that continent of larger species of the same 
jM t iiliar mai*supial genera : some as the 
Thyhiciney and the dasyurine sii])-genus re- 
presented by the D, wrsinus^ are now extinct 
on the Australian continent, but one species 
of each still exists on the a4iacent island 
of Tasmania; the rest were extinct wombats, 
phalangers, potoroos, and kangaroos — some 
of the hatter (Mccro/'us Afla.% M. Tifau , . ^ . . 

' 1 < < t h of frn at r-xtinrt 

iH'ing of great stature. A single tof>th, in J^Jj^^'"-" ^^'^^^ 
the same collectiou of fossils, gave the vu-one, £a!{k jJat- 
first indication of the former existence of "'^'^ 
a tjrpe of the marsupial group, which represented the Fschy- 
derms of the laiger continents^ and which seems now to 
have disappeared from the face of the Australian earth. 
Of the great i|uadrupe(l, so discriminateil by tlie wi-iter, under 
the name Diprotodan in 1838, successive subscqueut acc^uisi- 

• Bfitchell*! (Sir Hmm.) Three Ezpeditioiu into the Interior of Amtimlie, 
8to, 1S36, vol. li^ p. 869. 
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tions have established the true mannipial chaxacter and 
the near affinities of the genus to the kangaroo (Maeroptis), 
but with an osculant relationship with the herbivorous 

wombat. Tliii entire skull of the Diprotodon A ustralU (fig. 
171) has lately been acquired by the British Museum, shew- 
ing in situ the tooth (i) on which the genus was founded. 
This skull measures 8 feet in length; that of a man is 
inserted in the cut to exemplify the huge dimensions of the 




Fig. 171. 

Skull, gigantifi BMl^dernund Kangaroo {Diproliodom AMitniU) fleutoetna, 

AnttnUa. 



primeval kangaroa like the contemporary gigantic sloth in 
South America, the Diprotodon of Australia, while retaining 

the dental fornuila of its living homologiie, shews great and 
Temavkiible ino(liti('ati<»ns of its limbs. Tbo bind pair were 
much shortened and strengthened, compared with those of the 
kangaroo; the fore pair were lengthened as well as strength- 
ened; yet, as in the case of the M^atherium, the ulna and 
radius were maintained free, and so articulated as to give the 
fore paw the rotatory actions. These in DiprototUm^ would be 
needed, as in the herbivorous kangaroo, by the economy of 
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the marsupial poach. The dental formula of Diprotodon 

was i c J, p )~), m = 28* and, as in Macrop^is major, 
tlu; fir«t of the grinding scries (ji) was soon slu'il ; but llic 
other four two-ridged teeth were longer retained, and the 
front upper incisor {i, i) was very large and scalpnform, as in 
the wombat The zygomatic arch sent down a process for 
augmenting the origin of the masseter muscle, as in the 
kangaroo. The foregoing skull, with parts of the skeleton, 
of the Diprotodon Australis, Wi^m discovered in a lacustrine 
dei)osit, probably upper jjliocene, interaected by creeks, in the 
plains of Darling Powns, Australia. 

The same formation has yielded evidence of a somewhat 
smaller extinct herbivorous genus {NoUh 
therivia), combining, with essential affi- 
nities to Macropiis, some of the characters 
of tlie Koala (PA//x/v>Ar/yV?/-s-).t The 
writer has recently comnumicatcd de- 
scriptions and tigores of the entire skull 
of the l^ataihenum MUckdli to the Geo- ^'if'^'JS^^I^KSyf ^li 
logical Society of London.{ The genus J^^?^^* l'W«*«»»ei 
Phageolomya was represented, at the plio- 
cene peri(Hl in Australia, by a woniliat (P. f/i{/a8) of the 
magnitude of a tapir, one of the grinding teeth of which is 
figured, of the natural size, in fig. 172. 

The pliocene marsupial Carmwra presented the usual 
relations of size and power to the Herbivora, whose undue 
increase they had to check. Fig. 173 rei)resents an almost 
entire skull, with part of the lower jaw of an animal rivalling 
the lion in size, the marsupiality of wliich is demonstrated by 
the position of the lacrymal foramen (/) in front of the orbit; 
by the palatal vacuity (p), by the loose tympanic bone, by the 

* 8m tbttof Maaropmt explained in Encjr. Brit., artiele Odontologj, p. 449. 
t "Report on the extinct Mammalf of Anftnlin,** Tnnt. of Brit Anoo., 
1844. 

I Qoarterljr Journal of the Geol. Soc., pt. iv., 1S58. 
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development of the tymi)anic bulla in the ali.s})henoiil, by the 
very small relative size of the brain, and by other cliaracters 
detailed in the " Philosophical Transactions for 1859. Tlie 
camassial tooth (;>) is 2 inches 3 lines in longitudinal extent, 
or nearly double the size of that in the lioiL The upi>er 
tubercular tooth (wi, i) resembles in its smallness and position 
that in the placental Felines. But in the lower jaw the car- 




Fig. 173. 

SkuU of a large extinct Marsupial Carnivore (Thylacoleo cami/er), 

Plci8tocen»3, Australia. 



nassial is succeeded by two very small tubercular teeth 
(m I and i), a.s in Plagiaulax (fig. 93, p. 332) ; and there is a 
socket close to the symphysis of the lower jaw of Thylacoleo 
which indicates that the canine may have terminated the 

• "On the FoHRil MammalH of Australia. Part I. l>08cTiii;inn of the 
Thylacoleo cami/ex." By Prof. Owen, etc. 
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dental series thci*e, and have ailorded au additional tcatuix' ol 
reaemblanoe to the Fhgiaulax. 

The foregoing are some of the more interesting illustra- 
tions of the law, that "with extinct as with existing Mam- 
malia, particular tuiuis were Ji-ssigned to paitimliii prr>viucps, 
and that tlie same foims wore restliicled to tht* same pi\)- 
vinccs at a former geologicid period Sis they are at the 
present day." * That period, however, was the more recent 
tertiaiy one. 

In carrying hack the retrospective comparison of existing 
and extinct Mammals to those of the eocene and oolitic strata, 

in rchilimi to their local distribution, we obtain indications 
ut extensive change.s in the relative iHjftiti«>ii ut" sea and land 
during these epochs, in the d(;grec of incongruity between the 
generic forms of the Mainnudia which then existed in Europe 
and any that actually exist on the great natural continent of 
which Europe now forms part It would seem, indeed, that 
the further we penetrate into time for the rpeovm' of ex- 
tiurt Mainnialia, the further we must go int«i .spa< < to find 
their existing anal'iunes. To match the eocene Paia'othtitjs 
and liophiodouji we fetch Ta}»irs from Sumatra or South 
America, and we must travel to the antipodes for Myrmeco* 
hians» the nearest living analogues to the Amphitheres of our 
oolitic strata. 

On tlie problem of tlie extinction of species little can Ix* 
said: and of the moR' -t» ricnis subject of their coming into 
being, notiiiiiu' <l< tmiie or demonstrative at present. As a 
cause of extinction in times anterior to man, it is most reason- 
able to assign the chief weight to those gradual changes in the 
conditions afTccting a due supply of sustenance to animals in 
a state of nature which must have accompanied the slow alter- 

* <^^voa, Report on th« Estioci MMnmaU of Aiutnlta, Trmiw. Brit. Assocm- 

ti«iii, 1»44. 

2 F 
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natioiLS of iuud and sea brou<;iit al>uut in the ieoiis i>t' LTcitlogital 
time. Yet this reasoning is applicable only to laudHUumals ; 
for it is scarcely conceivable that such operations can have 
affected sea-fishes. 

There are characters in land animals rendering them more 
olmoxitms to extiipaliiig inlluiucos, which may explain why 
so many of the larger species of particular groups have lK\ i»me 
extinct, whilst smaller species of ecjual antiquity have sur- 
vived. In proportion to its bulk is the difficulty of the con- 
test which, as a living oiganism, the individual of snch 
speciefl has to maintain against the surrounding agencies 
that .tie ever tending to dissolve the vital bond, and subjugate 
the living matter to the ordinaiy clieinical and physical 
forces.* Any changes, therefore, in such external agencies as 

* The influence of the contest for exittence, ftmiddt the changes nf the ok- 
enmetancei to ^rhich an animfil ha« Ix rn ndnplcd, on tlio extinction of species, 
was first propoundctl by the author in hix fourth memoir on Dinomi*, 1850 
(Trans, oftlic Zool. Society, vol. iv , p. I n'' The «aTn-' principle haa since been 
evoked to explain not only the cxtincti> n the origin otcpecics. 

Mr. Wsllaoo,*MBnmesthat a ynriety may arise in nwlld species, adapting it to 
changes in surroundiiiiri ..mlitinus, uri'l. i which it has a. better chance of existence 
than the typi' fiii m fi>>m which it deviated, an<? i>f \vlikli it wmild tak'' lh>' jilace. 

Mr. ('Iiarli s T)arwin had, previously to Mr. Wallace, conceived the wame 
application ui' thin principle, which he illustrates in his work " On the origin of 
^wcies," hy many ingenious suppositions, snch as the following:— >'* To gifs 
an iiii:iLriiijiry example from changes in progress on an island — ^let tha Ofgatti' 
r.:ni >nof a canine Briirtinl which prryr'-l cliii fly on rnMiit'*, but somftimf! nn 
hares, become slightly plastic ; let these same changes cause the number of 
rabbits very slowly to decrease, and the number of bares to increase ; the effect 
of this would be that the fox or dog would be driven to try to oatch nnora hares; bis 
organisation, however, being slightly plastic, those individuals with tho lightest 
forms, longest limbs, and best eyesight, let tlie difference be ever so sniftl', 
would l»o slightly favoured, and would tend to live longer, and to snrvive dtirioc 
that time of the year when food was scarcest ; they would also rear more young, 
which would tend to inherit these slight peenliarities. The less fleet ones 
would be rigidly destroyed. I can see no more reason to doubt that the<to cauMi 
in a thoiimnd icncrntinns wonlfl protluce a marke>I elTect, and fuiapt the furm 
of the fox or dog tu the catching of hares instead of rabbits, than that trror- 
hounds can be improved by selection and careful breeding." f Yet this con- 



* Pnoeedlags of the Ummb Sodetjr, Angtist WA, p. 57. 
t rroessdiiwi «f the Unncsa Beefety, Angnst 1866, p. 4». 
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a sjH( ics may haw Imtii (tiiL^nnally aila}itiHl to exist ill, will 
luilitutt; aguiii^t tliat existence iu a degi-ce propoitiouate to 
the bulk of the species. If ii dry season 1>o i^radually pro- 
longed, the huge Mammal will suffer from the drought sooner 
than the small one; if such alteration of climate affect the 
quantity of vej^etable food, the bulky Herbivore will first feel 
the effects of stinted nourishment ; it new enemies bt iiiin>- 
duced, the lai-ge and conspicuou!^ aniuial will tall n prey, 
while the si nailer kinds conceal 1 1 u 1 1 iselves and escape »Sin al 1 
quadrupeds are more prolific than large ones. Those of the 
bulk of the Mastodons, Mcgatheres, Glyptodons, and Diproto- 
dons are uniparous. The actual piesence* therefore^ of small 
species of animals in countries where lai^r species of the 
same naluiui laiuiliei* ioiineily existed, is not the conse([uence 
of degeneration — of any gradual diminution of llie size of such 
species — but is tiie result of circumstances which may be il- 
lustrated by the fable of the ** oak and the reed f the smaller 
animals have bent and accommodated themselves to changes 
to which the larger s[>ecte8 have succumbed. 

That species, or fonns so recognized by their distinctive 
cJianii Ins and the puwer of proj»a<4ating tliriii, have erased to 
exist, and have surr»'ssively passed away, is a fact no longer 
questionetl. That they have been exterminated by exceptional 
cataclysmal changes of the earth's surface has not been proved. 
That theur limitation in time, in some instances or in some 

iliticn of things, if Wlriwr 1 out to its full consorjiionr*^". e»'*»m«s t ^ \< . nly 
to mj original infercace, v'u., &n extinction of Hpeciea ; lor, when the hare« 
w«re «I] 4e«troj«d the loog-leggcil dugs would petwli. At most there could 
hut be A reversion to the firet form and conditions. For, at* the harex 
decrcawd in number, that of the rabhitw would increase ; the changes of 
ortranizati'ift that fUtt 'l the dogw for catching hares Ix'inj; such as would detract 
from their power oi' unearthing rabbits. A variety with a shorter and tttronger 
foot night ftriw, and would he the first to profit hj the prefK>iiderMice of the 
burrowing roiUntH. The undividaftl dags with the Ktrongent and (shortest Kmbe, 
let the diflerence !•<' frrr fo sTnal!. "c^ruM l. sll-lit|y favoured, li%- lotirrfr, rf .nr 
more young inheriting the rubbit-ciitchirtg peculiaritie« ; the K-fts f<>(»Horial varie- 
ties would be rigidly destroyed, etc. It is an argument iu a circle. 
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measim'. may ha duu t<j constitutional chaiigej* accumulatin<r 
by slow degrees in the long course of generations. Is possible; 
but all hitherto observed causes of extirpation point either 
to continuous slowly operating geological changes, or to no 
greater sndclen cause than tlic, ho to speak, spectral appear- 
ance mankind uu u liiait^ d t lart i >\' land not before inhubiied. 
It is most probable, therutore, that tli< • xtinction of species 
prior to man's presence or existence, has been due to ordiuar}' 
causes — ordinary in the sense of agreement with the laws of 
never-ending mutation of the geographical and climatal con- 
ditions on the earth's surface. The species, and individuals 
uf species l< ii>t a«lapt< <l t.. Im^h- such influences, ai id nicuimble 
of niodityin<» tlieir ui),^anization in agiveinent thei-ewitli, have 
perished. Extinction, therefore, on tliis hyj^nthcsis, implies 
the want of self-adjusting power in the individuals of the 
species subject thereto. 

But admitting extinction as a natural law, which has 
operated from the be^inniiij nf life under specific forms of 
plants and animals, it nii«^ht ha t!Xpeci' d lliat soma evidence 
of it shoidd occui' in our own time, or within the historical 
period. Keference has been made to several instances of the 
extirpation of species, certainly, probably, or possibly, due to 
the direct agency of man. The hook-billed parrot {Nettor 
j)rodnrhis) of Philip's Island, west of New Zealand, is, }>erhaps, 
the latest iii-lance of this kind. But tliis cause avails not in 
the tiuebtiou of the extinction of s]>ecies at i)eriods prior to 
any evidence of human existence ; it dues not help us in the 
explanation of the majority of extinctions^ as of the races of 
aquatic Invertebrata and Vertebrata which have successively 
passed away. 

Tlie Great Auk (A lea i m j>> iint.<, seems to be rapidly 
verging to extinction, if it be not extenninated ; and that not 
wholly, as in the case of the doilo and dinornis, l>y the hand 
of man. Some of the geological changes affecting circum- 
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stances tavouml»Ie to the Wfll-beiug ul the A Ira iinpeiniis, 
have been iiiaiter.s ui olisn vntion. An e>luiiablc natiirali.'st, 
the late Jolin Wulley, l-viq., who visited Iceland iu 1858, iu- 
formed me that the last great auks known with anything 
like certainty to have been seen living, were two which were 
taken in 1844 during a visit made to the lugh rock, called 
"Kldey," or " Meelsoekteii, ' lying oil Cai)e Iu n kianes, the 
S. W. {xjjnt of leelainl. 'I'lii^? is one of three priiieipal n>eky 
islets formerly existin«]j iu that direction, of whicli tlie one, 
specially named from this rare bird **' Geirfugla ^ker," sank 
to the level of the surface of the sea during a volcanic disturb- 
ance in or about the year 1830. Such disappearance of the 
lit and favourable breoding-jilaces of the Aha impennU must 
form au iuijiuiiant element in its decline towards extinction. 
Tlie uunibei-s of the bones of Aim impennis on the shores of 
Iceland, Greenland, and Denmark, attest the abundance of the 
bird in former times. 

Within the last century, academicians of Petersburg and 
good naturalists described and gave figures of the bony and 
the perishable parts, lucluiliiiLT tlir alimcntury canal, ct a lai-i^e 
and peculiar fucivorous Sirenian — an amphibious animal like 
the Manatee, wliirh Cuvier classified with his herbivorous 
Cetacea, and called SaUelleruSt after its discoverer. This animal 
inhabited the Siberian shores and the mouths of the great 
rivers there disemboguing. It is now believed to be extinct^ 
and this extinction appears not to have been due to any special 
i\uest and pei-secution l)y man. We may discern iu this fact 
the operation t>f changes in phy sical geography, ^vIlich have at 
length so affected the conditions of existence of the Stelleria 
as to have caused its extinction. Such changes had operated, 
at an earlier period, to the extinction of the Siberian elephant 
and rhinoceros of the same regions and latitudes : a futui-e 
genemiiun of /oolugi^ts nuiy havi^ to reconl the final disapj)ear- 
ance of the Arctic bufi'alo {Ovibon mosehatus). liemains of 
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Ovibos and Stellcrns shew that they were contemporaries of 
EUphfVi i^iiniycnuis ami Rhinm fnts firho/'hinus. 

But recent discoveries indicate that in the case of these 
and other extinct quadrupeds,* a rude primitive human lace 
may have finiahed the work of extenoination, hegun hy ante- 
cedent and more general causes. 

On the land made dry after the bonlder-cky period of 
the glacial climate of the now tciiij't iatc latitudes of Kuiojh', 
roamed the haii-clad elephant, under the varieties called 
aiUiqms and primigeniusy the ptychorhinoceros, the spehpan 
lion, bear, and bysena, huge species of bison, oxen, deer, with 
the musk-buffalo and rein-deer : on this latest land a rude and 
primitive race of men were their contemporaries. The shells 
of botli marine !m«l fresh-water niollufek.s (iu the sands and 
gravel-beds » (•iitaining evidences of the above-associated mam- 
mals) are of the ^ipecies still liviug in contiguous seas and rivers. 

Flint weapons, called ** celts,' have been discovered in beds 
of sand and f^^vel, containing remains of the mammoth and 

other cxtiiici post-j^lacial beasts, in the valley of the Suiiiiiie 
near Abbeville and Amiens, at different i>eriods, from the 
year 1838 (Boucher de Terthes, "Antiquites celtiques et 
antediluviennes,** Paris, 1947) to the present time. 

These evidences of the human species have been extracted 
from the deiK)sit8 in question, by Mr. Prestwich, gravel pit at 
St. Acheul (" 1 7 feet from the surface in undisturbed ground,^ 
•* Proceodin-s of the liuyal Socirty," May 20, 1850): by Mr. 
ilower (** 20 feet from the surface, in a eoiiipact mass of 
gravel," *• Timee^'* November 18, 1839) ; by M. Gaudiy ("Uln- 
stitut," October 5, 185D) ; and by M. Geo. Pouchet^— all with 
their own hands in the course of the year 1859. 

* Lartet, " Bar nne aneienne stolion humaine avec t(£palttti« contempondne 

des grands maraniiferos f<«tHilc8 n^put^ caractcrlstiqiioH de la derni^re periods 
g^ologique." Balletin de 1* 8oc, Thiloinath. Tari*, Mai, lt»61. 
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The foi iiialions following each other fi-om the surfac(3, in 
sections at 8t Acheul, are the following : — 

F««l. Inches 

a. Surface soil . . . . .08 

b, Browu loam in four layers of difiereut shuiiess 12 2 
c Wliite siliceous saud and light-coloured marl, 

with fine chalk grit and patches of flint 
gravel . . 4 10 

d. Coarse subangular flint-gravel, with mam- 
malian rt^niftins and flint implements dis- 
persed throu^jhout, but chietiy at the lower 
part . . . . .50 

22 8 

In the deposit dy have Ijeen found, at St. Acheul, remains 
of £le]»has primiffmittSt HhinoetroB iiehorhinus, Equtu fosMs, 
Bos primigeniii^ Cervm somonenHs ; at Abbeville, also, Crma 
Umndus fviaeus, Ftlis tpelwoy Ihjwna sjwlmu^ Urm$ spelam ; 
at St. Roch, Elcpha^ antiqum and Hipiiopotamiis major. 

I lint \vi a]<Mn8 of the .samo larije size and rude fabric.it iuu 
ua those found in the <^mvel bed at St. Acheul, were dis- 
covered by Mr. John Jbrere, F.Xi.S. (•* Archeologia," vol. xiii., 
** An account of flint weapons discovered at Hoxne in Suflbik," 
1800) in a bed of flint gravel, 16 feet below the surface, of the 
same post-glacial age as that in the valley of the Somme. 

Flint weapons have l>een discovered in many eaves mixed 
indiseriuiiniitilv with tlif» l"»n( > ui' the extinct cavr-h< ai uml 
rhinoceros. One in particular wa« met with beneath a tine 
antler of a rein-deer, with a femur of the cave-bear, indK-dded 
in the supcrflcial stalagmite in the bone-cave at Brixham, 
Devonshire, during the careful exploration of that cave con- 
ducted by a cominittee of the Geol(>gical Society of London in 
1858 and 1S.')0. 

Dr. Falconer, F.tt.S., has communicated Proceedings of 
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tlie Geological Society," Juuc 22, 1859) the results of his 
exam illation of ossiferous caves in Palermo ; uiid in respect 
to the **M8Ccagnone cave,** he draws the following inferences 
That, ** it waa filled up to the roof within the human period, 
80 that a thick layer of bone spliuters, teeth, land-ehells, 
co]iix>lite.s of hya iia. auJ luinian f»bjects, was apijlntinatcd to 
the roof bv the iuliitiation of water lk»I(iiii}^ lime iji bulution ; 
that siiUseqiientiy and within the human period, such a great 
amount of change took place in the physical configuration of 
the district as to have caused the cave to be washed out, 
and emptied of its contents, excepting the floor-breccia and 
the patches of material cemented to the roof^ and since coattjd 
with additional felula^niitr." (1*. 13fi.) 

After close examination of mo«^t of these instruments, 
including tlie one discovered by 2th\ Flower, I am satisfied 
that they are the result of design, and the work of human 
hands. 

The colouring of the fashioned flints perfectly accords 
with tliat of the accidentally hiukcn Hints in the samegravcl- 
bcd, indicating an equal period of rest in such bed. In 
regard to the geological characters of these * celt '-bearing 
deposits, their most experienced investigator* states:^ 
Although closely related to the present configuration of the 
surface, they are always, mote or less, independent of it;" 
and allhuugh *'they are oltca near present lines of drainaL^e, 
yet they ccjuld not, as a whole, jRtssibly have been iurnicd 
under their oi)eration.'' Sir Charles Lyell infers, from the 
phenomena of the deposits containing the flint implements 
and mammalian remains, ''considerable oscillations in the 
level of the land in that part of France. Slow movements 
of uphea\al and subsidence, deranging but not wholl\ dis- 

♦ .Toftoph Prestwich, Esq., F.K S,, "On tin- Otcurreuce of Flint Iiiipltiji'^nl*. 
U!>t«uciated with the Hcaiaiu8 of AitiiiiaiH of Kxliuct Species in BcJk of a, latt> 
(i«ologic«l Period* in Fmnce at Amiens «Dd Abberille, and in EngUind nt 
Ifoxne." Fhiloii. 7V»n«ncli«i«, rol 150, 1860, p. 277. 
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lilucing the course ot" uucient rivers."* Ijiit Mr. Prestwich, 
in n^spect to the same valley-deposiUs, reumrks, that, "although 
oftim indicating considerable age, they show i-jites of gro\\i;h, 
which, though variable, appear, upon the whole, to have been 
comparatively rapid." And I fully concur with him in the 
conclusion, that the present evidence does not necessitate the 
carrying back the date of man, in past time, m much as 
briuL'ing f(»r\vard of the extinct post-glacial auiniuiis towards 
our own time. 

As to the successive api)eai-ance of new s))ecies in the 
course of geological time, it is first requisite to avoid the 
common mistake of confounding the propositions, of species 
being the result of a continuously operating secondaiy cause, 
and of the mode of operation of such creative cause. Biolo- 
gists may eutcitain tin- tiibt witliout accepting any cuiTeut 
hypothesis as to tlic s(m oud. That the S})ecies of the miner- 
alogist and the botaimt should be owing — ^fhe one to a 
natural, the other to a supernatural force — ^the one to the 
operation of a second cause, the other to the direct inter- 
ference of a first cause, is not ^aobable. The nature of the 
forces operating in the production of the cells of a lichen may 
nut be so clearly understood as those which anaugi d the atoms 
of the crystal on which the lichen spreads. ** Whet Ik r an inde- 
pendent, free-moving, and assimilating organism, ot the grade of 
structure of a genn-cell, may not arise by a collocation of par- 
ticles through the operation of a force analogous to that which 
originally formed the germ-cell in the ovarian stroma, is a 
question woi-thy all care and i)ain9 in its solution." f Pouchet 
lia« contributed valuable evidence ot such pmluction, under 
cjiteruai iiiiiueuccs, of species of Protozoa, t With regard to 

* AddreM,** etc., on opening the Section of Geology at the Ifeeting of the 
Britiih AsMKiution at Aberdeen, Scptomber l.i, 1H50. 

f PreMdent N A«](IreM on the opeoiog of the Meeliog of the British Asbo- 
riation at LeeU«, 1868. 

X Het^ntgcnie. Svo, 1859. 
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the speciefl of higber oi^gauisms, dutinguiBliable as planto and 
animals, their origin is as yet ciily matter of specnlalion. 

ButFon * n^f^ruUed N aricties as ]>aiti( ular alterations of 
si>ccie8, which ilhistrateil the mutability ui 6i>t:cie8 themst4ve&. 
He held that most of the so-called speciea in the Tiinnapan 
system were but so uuiny evidences of the progressive degrees 
of cluiDge which had been supennduced bj time and successive 
generations, and chiefly by degradation from a primordial type. 
Applying this principle to the qnadrupeds of which he had 
given the history in his i,'reat work, he believed himself able 
to reduce them, witli the excepliuu of a few imsulated forms, 
to a very small number of primitive stocks, of which he 
enumerates ** fifteen.** 

&£r. Darwin, in the work above cited, is led to believe that 
** animals have descended from at most only four or five pro- 
genitors, and plants from an etpial or lesser number. Ana- 
h)gy,'' he adds. " \\\»uld Irad iiic one step I'm tlier, namely, to the 
belief tliat all animals and plants have desceuded from some one 
primordial form, into which life was first breathed* (p. 414). 

Lamarck t rejects even this limitation of the snpematoral 
act whereby certain elemental atoms had been commanded 
suddenly to flash into living tissues" (Darwin, p. 483) ; and with 
a more consislciii trust in llir jiolcntiality nl" second causes, lie 
eunctivco that the simjdest single-celled ("iLjanisnis are ever iii 
course of being foiiued out of their elemental at4^)m8. These 
Stand in the place of Darwin's primordial created forma. The 
progress of transmutation and development is onwardsi in a 
direction the reverse of Buflbn's. Adverting to observed 
ranges of variation in certain species, Lamarck affirms that such 
variations proceed and keep pace with tlie ctaitinucd u]K iatioii 
of the causes producing them ; tliat such changes of form and 
structure induce corresponding changes in actions, and that a 

* Ilwtotre Natuiclle, DcgC'oeratiun Uch Animaux, torn, xiv., p. 311. 
f " PlitloMpbie Zoologique/' Svo., 1809. 
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change uf art ions, when habitual, becomes another cause of 
altered structure ; that the more frequent employment of cer- 
tain parts or otgans leads to a proportional increase of develop- 
ment of such parts ; and tliat as the incieased exercise of one 

part is usually accompanied by a corresponding disuse of 
another, this very tlisusi\ by inducing a ])io]i()i tioiial degree 
of atrophy, becomes an additional clement in the pix)gressive 
mutation of oi-ganic forms. 

Another theorist calls to mind the instances of sudden 
departure from the specific type» manifested hy a malformed 
or monstrous offspring, and quotes the instances in which such 
malformations have livtd and })ropagutt'd the cU x iating struc- 
ture. He notes also tlu- extreme degrees of change and of 
complexity of structure undergone by the germ and embryo 
of a highly oiganized animal in its progress to maturity. He 
speculates on the influence of premature birth, or on a some* 
what prolonged fcetation, in establishing the beginning of a 
specific form diftercnt from that of the parent. 

J>ai\vin and Wallace, to explain the origin of s}x?cies, 
combine the principle of "the contest for existence" with 
those of *' accidental variety,'* ** inherited variety," and " the 
influence of external circumstances and interaal adaptability," 
as co-efficients in altering specific characters. Each theorist 
invokes the requisite duration of time. 

But observation of the actual change of anyone sjxM-ies 
into another, through any or all of the above hyjKjtheiical 
transmuting influences, has not yet been recorded. And past 
experience of the chance aims of human fancy, unchecked 
and ungnided by observed facts^ shews how widely they have 
ever glanced away from the gold centre of truth. 

Facts that oppose some of the surmises on the origin of 
species have been elsewhere pointed out by the writer.* The 

• Description of the skvU of the Trogl^nivies gorillA, Feb. 1S48. Tmn*. 
ZqoI. 6oc., vol. iii., p. 414. 
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ff^^nemlisatioiis, based tni rigorous and extensive observation of 
lads, which liave impressed him with a eoii\ ictioii ul' a cuu- 
tiiiuously operative secoudaiy creational power, origiuating 
the successioa of species, ate the following: that of irrela- 
tive or vegetative repetition;* that of unity of plan, aa 
demonstrated in the articulate f and vertebrate} types of 
or<(anisation ; the facts of congenital varieties ; the pheno- 
mena ol j)arthenogenesi^ : § the analogies of transitory embry- 
onal stacfes iu a iiigher auuaal, to the mature foims of lower 
animals ; the great paheontological fact of the successive 
coming in of new species^ from the period of the oldest de- 
posits in which oi^ganic remains have heen found; such 
species being limited in time, and never reappearing after 
once ih inii out ; the many inst;uRt s of letention (tf stnictnres 
in pal.TOzoic species, which are emlir} (inal and transitory iu 
later species of the same order or class ; the progressive de- 
parture from a general to a special type, as exemplified in 
the series of species from their first introduction to the pre* 
sent time. 

The inductive dmionstration of tht- nature and mode uf 
operation of such secondaiy continuously operative species- 
producing force Mill henceforth be the great aim of the 
philosophical naturalist. 

The Table (tig. 174) L .\i)rc3se8 the sum of the observations^ 

at the present dcite, on the successive appearance and geoU>- 
gical relations of the several orders of the Mannnalian class. 

The earliest evidences are of small si)ecies, which, when- 
ever they have presented grounds for ordinal determination, 

* Owen, Lcctmef oii the InvcrtobrHta, 8vo., 1843, p. 364. 
f iMvigny, Aniniaux luverlerbrC's d'Egypte, Descr. do I'Egypt, 4to., vols, 
xxii Mid xxui, 1887. 

i Owen on the Vertebrate Archetype, 8vo.» ie<l8. On the Natnra of Liinhv, 

Svo.. 1819. * 
§ Ow«n on Partbeuogeneais, Svo, ld4S». 
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liave i)i*uved to belong to tln' low oi^^auized Mursupiuliiu The 
doubts when it has existed, lies between this and the Insect i- 
VOIOU8 order, also low in the class according to cerebral 

TaHI.K of (i¥.<>l.t}<.UM. DiSTRIIU Tlo.N OK MaMMAIJ4. 




Fig. 174. 

diameters.* One example only, from Stonesfield oolite, the 
aureognathm, may [)r()ve to be a minute Ungulate, as is indi- 
cated by the note of interrogation nnder Peristodaetyla. The 
similar mark, nnder Cetaeea, refers to the fossil, prohaUy 
washed out of an Upper Oolitic hed, mentioned at p. 355. The 
Marsupialia recur, under di.stinct generic fonns, in the eocene 
strata, and, acconliiig to actual knowledge, presented their 
fullest development in pttst-pliocene times, more especially in 
Australia. The orders Bruta, 1\ rU-iodactyla, and Camivora^ 
have become reduced in numbers ; the I^robateidw still more 
so; the representatives of the singular group Toxodontia have 
wholly disaii}>eared. 

The sum of the evidence which has been ohtained seems 
to prove that tlie successive extinction of M i(/o/,sf»s, Amphi- 
theriOf Spulncothcrui, Ti-icmuHhtm, and otlier mesozoic forms 
of mammals, has been followed b}- the introduction of much 
more numerous, varied, and higher-oiganized forms of the 
class, during the tertiary periods. 

* ■ ( »ii the ClaimiticAtion ftnd (teognphical Diniribution of tlw Mum- 
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Tt has been, however, oljjLrted that negative evidence can- 
not stitisfaetorily establlBh the proposition tliat the maninialian 
dasB is of late introdaction, nor preTent the conjecture that it 
may have heen as richly represented in primaiy and more 
ancient secondary as in tertiary times* conld we but get re- 
mains of the terrestrial fauna of their successive continents.* 
To this ohjection it iiiiiv Ik- rej^lied : in the pala o/(»i(' strata, 
which, Irum their extent and deptli, indicate, in the earth's ex- 
istence as a sent of organic life, a period as prolonged as tliat 
which has followed their deposition, no trace of mammals has 
been observed. Were mammals peculiar to diy land, such 
negative evidence would weigh less in produciiig conviction of 
thi'ir non-existence during the Silurian and Devonian irons, 
because tlie explored pints of such stmta have been dep<>sit<?d 
from an oiM^au, and the chance of finding a teriiestrial and air^ 
breathtiig creatoress lemains in oceanic deposits is very remote^ 
But in the present state of the warm-blooded, air-breathing; 
viviparous class, no genera and species are represented by 
such numerous and widely-dispersed individuals, as those of 
the order Cdacea, which, under the guise of iishes, dwell, and 
can only live, in the ocean. 

In all CUa4iea the skeleton is well ossified, and the vertebrai 
are very numerous : the smallest Cetacean would be deemed 
large amongst land-mammals ; the largest surpasses in bulk 
any creatures of which we have yet gained cognizance : the 
hugest ichthyosaur, iguanodon, megalosaur, mammoth, or 
megathere, is a dwarf in comparison with the modern whale 
uf a hundred feet in length. 

During the period in which we have proof that Cetncea 
have existed, the evidence in the shape of bones and teeth, 
which latter enduring characteristics in most of the species 
are peculiar for their great number in the same individual, 
must have been abundantly deposited at the bottom of the 
* Lorell, " Aiioiversary Address," Geol. Soc., pp. 61-57. 
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sea : and as caclialots, grampuses, dol})liiiis, and porpoises an? 
seen guuiboliing in shoals in deep oceans, far t'l-oiu land, their 
remains will form the most characteristic evidenecs of yarte- 
brate life in the strata now in course of formation at the 
bottom of such oceans. Accordingl7» it consists with the 
known characteristics of the cetacean class to find the marine 
deposits which fell from soas tonanted, as now, with verte- 
brates of that hich gmdo, ( uatuinin^ tlie fossil evidences of 
the order in vast altundaiico. 

Tlie red ci-ag of Suftbik and Essex contains petrified frag- 
ments of the skeletons and teeth of various Cetaeea, in such 
quantities as to constitute a great part of that source of phos- 
phate of lime for which the ted crag is worked for the manu- 
fai ture of artificial manure. Tlie scanty and duluuiis evidence 
oi Cetacat in secondary beds seems to indicate a similar period 
for their boijinning as for the soft-scaled cycloid and ctenoid 
fishes which have superseded the ganoid orders of mesozoic 
times. 

We cannot doubt but that, had the genera lehtlujosaurnsi, 
PliosnuruSy or Plesiosauru.% been represented by S])ecies in the 
same ocean that was tenii'< sl. d l»y tlit* RiheiUHloiLs, and Dio- 
plodous of the miocene age, the bom s and teeth of those 
marine reptiles would have testified to their existence as 
abundantly as they do at a previous epoch in the earth's 
history. But no fossO relic of an enaliosaur has been found 
in tertiary strata, and no living enaliosaur has been detected in 
the present seas : and tiiey are eonst '(juently held tu be extinct. 

In like manner does such negative evidence testify to the 
non-existence of marine mammals in the liassic and oolitic 
times. In the marine deposits of those secondary or mesozoic 
epochs^ the evidence of vertebrates governing the ocean, and 
pre}ing on inferior marine species, is as abundant as that of 
their air-lnt athing succesi*ors in maiiiu' tertiary strata ; but 
in the one the fosslLs are exclusively of the cold-blooded rep- 
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tilian class ; in the other, of the wanxb>hlooded mainmaliaD 
class. The EwtHosauria^ Ceiioaauiia, and CroeodUia, played 
the same part and fulfilled similar offices in the seas from 

which the lias jiud oolit<»s were precipitated, as the Delphinida- 
and Bala niiUr did in the tciliui}, and still do in liie picj>eiit 
ocean. The uubiai^Btid couclusiou from both negative and 
positive evidence in this matter is, tliat the Veiaeea sacceeded 
and superseded the Enalumuria* To the mind that will not 
accept such conclusion, the stratified oolitic rocks must cease 
to he tmstworthj lecoids of the condition of life on the earth 
at that period. 

So far, however, a.^ any general conclusion can hv dt-duced 
from the large sum of evidence above referred to, and con- 
trasted, it is against the doctrine of the Unii'onuitarian. 
Organic remains, traced from their earliest known graves, are 
succeeded, one series hy another, to the present period, and 
never re-appc^ when once lost sight of in tlie ascending 
search. As well might we exjH*ct a living IcLUiytisaur in the 
Tacitic, as a fossil whale in the lias : the rule governs as 
strongly in the I'etrosjK^ct as the prospects And not only as 
respects the VetiebraUt, but the sum of the animal species at 
each successive geological period has been distinct and pecu- 
liar to such period. 

Not that the extinction of such forms or sjwcies was sudden 
or siiiiultaiiLous : the cviilciiccs so interpreted have been but 
local : over the wider held of life at any given epoch, the 
change has been gradual ; and, m it would se^, obedient to 
some general, continuously operative, but as yet dimly dis- 
cerned law. In regard to animal life, and its assigned work 
on this planet, there has, however, plainly been '*an ascent 
and progiess in the main." 

Altbough the mniiiiiialin, in n ^ard to the plt iiiirv develop- 
ment of the characteristic ordei belong to the Tertiaiy division 
of geological time, just as Echini are most common in the 



Digitized by Google 



CONCLUSION. 



superior strata. Ammonites in those beneath, and Producii with 
uumei-ous Eiicnni in tlic lowest"* of the secondary strata ; 
yet the beginnings of the class manifest themselTes in the 
foimatioDs of the earlier division of geological time. 

We are not entitled to infer bam the Lueina of the per- 
mian, and the Opk of the trias, that tiie Lamellibranchiate 
Mollusks existed in the same ricli vaiiely of deN L'lni)nifiit at 
those |>eriods as duriup; the tcrtiurv and pruseat times ; and ikj 
|»re})ossession win close tin- l vos to the fact that the LameUi- 
branchiate have superseded the Palliobranchiate bivalves. 

On native evidence^ Or^mno, Tkeea, PrpdueUt^ or Spirtfer 
are believed not to exist in the present aeaa : on native evi- 
dence the existing genera of siphonated blvahres and nnivalves 
are deemed to liave been veiy rare in permiaii, triassic, or 
oolitic times. To suspect that tliey may have then abundantly 
ejcisted, but have hitherto escaped observation, because certain 
Lamellibianchs with an open mantle, and some holostomatouB 
and asiphonate Gastropodsi have left their xemaina in 8eoon> 
dary strata, is not more reasonable^ than to condnde that the 
proix>rtion of mammalian life may have been as great in 
secondary as in tertiary strata, because a few small fomis of 
the lowest orders have made theii- appearance iu triassic and 
oolitic beds. 

The proportion of the known forms of extinct life may be 
very small compared with that which remains for future 
discoveiy ; but the mm of what is known yields the Inti- 
mate deduction, that there has been a snooession of species 

illustrating in the main the progressive perfection of the 
ner\ ous system, and the concomitant predominance of mind 
over matter. 

If, turning from a retrospect into past time to the prospect 
of that to come, we may speculate on the future course of 
vital phenomena on this planet, the gtiide-post of Fala^ontology 

• A genemliMti^n of Wiltiam SmiUi'ji, 

2 o 
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would seem tn point to a i>t'ri(xl when the earth iiiay l>ecome 
the abode ol a hi-^her race of intelligenres. But here we 
enter the wilderness of conjecture, wliero, in trying to advance^ 
we are booh ^in wandering mases lost" 

The more willuigly» therefore^ I letom to the suier deduc- 
tions firom the phenomena we have had under review. 

In the survey which has been taken of the Yarioos 
forms of life tlrat have passed awav — of their genesis, suo 
cession, geul»>gicul pusitiuu, and geographical distribution — 
if the adaptation has been shewn of each structure to 
the exigenciesy habita^ and well-being of the species» it has 
exemplified the beneficence and intelligence of the Creative 
Power. 

If, in all the striking changes of form and proportion which 
h;iv<» pasml under review, we cuuld discern only the results 
of minor niodiiicutiuiis of a few esscntiul elements, we must 
be the more strikingly impressed with the unity of that Cause, 
imd with the wisdom and power which could produce so much 
variety, and at the same time such perfect adaptations and 
endowments, out of means so simpla For, in what have those 
contrasted limbs, hoofs, paws, fins, and wings, so variously 
iornu'd to oIk^v the behests of volition in denizens of diilercut 
elements, dillered IVoni tlie mechaiiicul instruments which we 
ourselves plan with foresight and calculation for analogous 
uses, save in their greater complexity, in their perfection, and 
in the unity and simplicity of the elements which are modified 
to constitute these several locomotive organs ! 

Everywhere in organic nature we see thu means not only 
subservient to an end, but that end acconiplishi'd by the best 
means. Hence we are compelled to regard the Great Cause 
of all» not like certain pliilosophic ancients, as a uniform and 
quiescent mind, as an all-pervading anitnu mundi, but as au 
active and anticipating intelligence. 

B\ a 1 'plying the laws of comparative anatomy to the relics 
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ot extinct nioes of uiiiinals contained in and uhui'acttirizing tlie 
diti'erent stiYita c.f tlie earth's cmst, and corresponding with as 
many epochs in the earth's history, ve make an important 
step in advance of all preceding philosophies, and are able to 
demonstrate that the same pervading, active, and beneficent 
intellif^once which manifests His powt i in <nir times, has also 
niauili 'st( (1 His power in times long anterior to the records of 
our existence. 

But we likewise, by these investigations, gain a still more 
important truth, yiz^ that the phenomena of the world do not 
succeed each other with the mechanical sameness attributed 
to them in the cycles of the epicurean philosophy : for we are 
able to demonstrate that tlie different pfi t.lugical epochs wciu 
attended with coiTespouding ( lianges of organic strncture ; and 
that^ in all these instances of change, the oigans, still illustra- 
ting the unchanging fundamental types, weie^ as far as we 
could comprehend their ttse^ exactly those best suited to the 
functions of the being. Hence we not only shew intelligence 
evoking means adapted to the end ; but, at successive times 
and pci ii'ds, produeiuLi: a ( liango of mechanism adapted to a 
change in external conditions. Thus the highest generaliza- 
tions in the science of oi^ganic bodies, like the Newtonian laws 
of nniversal matter, lead to the conviction of a great First 
Causes which is certainly not mechanical. 
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hiploi^niprtHi* (ilniihif r), iL 

l>iplcijitf ins (</<>ll''/r fl"n), ?>S, llVS. 

IMpnitnintlniit (7iry..vi«Y<? .•<;'»«'). LiL 
Dipntloilon (/""o /ronf tfrih), 4i''.* 
DiliN-rurt (fi'v rill), i;>:i, nvs 
|lis!ust«T ('I'o uttir). Hi. 
f>is( iniclii (/i/f^t: <h'.s/ ). tiL 

l)lM'ii]Mim (/'/<!/*■ -/XT'), iL 
I>iHc>»!i<ini.s (f//--/: 101- 
llitliypM'ariji (Ifo flnp shrimp), 4L. 
Ditnijwi ('"■" hiiUs), 
I)olii'lnif4;iunis (/<Jii;/ futirtO, iLLL 
Dolium (fw'i), ss. 
Hoiun ia 

Doiiiiv {iirii)f. o'fini- iif shrll fixh), 12, 
D'ln'Hllii-i'iiiiii {lirrr Imitil), 4(U. 
I»<>r\ |>t<TUH rf(i), l>iS. 

Dri'it^Ki'tiu (/If (v>. inii>r< ). 111, 
lliKiiintliiTitim (niuiuiiii l>ri<iil), a:tO 
l>i«Mnilit<'s (ffiiity stci/l- runner), HL. 
|)ri>iiii'>nsis. iL. 
Di yoiiitlu-cll-S (u'r<od njv), 383. 

t>vri.K>MPHAl,UN, fiJL 

Ki'liiiiiys (fi/(iii V tintuiif), i\>i. 
Krliiniinifluiiiis (>y(i rii/ fpidfr), 
F^-liiii»M>> <>litt'.s (ii i-i-hin-t-)iihrtt<i slum), '^K 
Ki liiiHMl-tii (fj inr lix>lh), 
KrliiiuMli^niial;) (Hjiiini akin). iL 
K' liiri<>i<loa (li/. Aiti HAr), iiS. 



I EA-liin»Litn{>ait torcA). ID. 

Ki'liiuKimiA (urcMiu Jacr), '±1. 

E<li->ttcrt (<ler<>iirtr), lllL. 
F>liiii>ii(liA (;"*»>/'. wmr), fiT^ IJL 
Klasiiuxlus (/«/<U<- Uxithy, i:tft 
KtitKiiiotltcriuiii </'Ai/<r b«cis(), i£L 
ElaU-r (<//■( »vr). iL 
El.-i>hsw (fifi'hant), SSL 
Kloiiii htbyii (iiirtr*A /jiA), 16ij 168. 
Einy* ( 7»o/;<. >i<i;?»«), aliL 
Ktialioiutnria (»(a /uan/), 
ElJ:lllo>tejpi (iHirrV<f r««i/). IjL 
EiJcoplMlii (A<irt»iy A<'<j4/), 21L 
Km rinuN (in lilt/), 3a, 34, 
KlKloffniN (iiifiiU h^irn), Iftl 
Kii(>|>toi'lytia (ttrmrtl fhrimf), 41L 
Ent4il«t|ili«ni (i«"i7AiH ■mll-bfijrfr), 30. 
Knt<<ii»i>«t»:gi» (i HJfert^d rtxi/), LL 
E)itoiii(>r«tni<-a (ittM-cUil mixt), Ai. 
Kntuniix-oiif^hus (instcUd $hfll), 4lL 
Eiit>r?«<>l(*nia ()ri7/iifi )>ii>^), Lii 
E<i|ilthfi/u» ((/<(i''H «j»»'>, 374. 
Kjaast'T (f<i// .*/'!/■), ifi, 
KpioniM (tnll hird), 
Erisiiiacanthuii (strife spine), ^^H 
Eryoii (prtip. Hnnif), Ifl. 
Hn-harn (pn>p. namt), 30^ IL 
E^^< )mritiH, SL 

Ely II 8 ( /-ri*/'- 

Eiii-nlyptociiuun (wZ/ coiTrrd /t/j/X SiL 
Eiulta ( pmp viiiof), a. 
Etigi-niarriniis (Eutjmin lilti), 34^ 32^ 

EuKtiatllUS (lf f// j(IKY:</X ' 

Eulinin (/m);). iiflm*"), 2:1. 
EiKiiiijilinluM (t'vrf MfKvO, 80. 
Eiipata^us (i/v7i t laghedX iSL 
Kuryiiotus (hrottd Imck ), 16j^ 
EiiryjitoniR (bntnd jSn), 41. 
Exo^ra (viit irhirl), fitf. 

FAst.n:i'i.AKiA (Unit butuUr), iL 
KavositciH (h»i\(y-a.rnib sttmf), 2L. 
Favositida-, ib., 'JjL 
Felin (<^iO, 412, lilL 
Ff'iitstrcllft (littU xcindou-), 22, aiL 
F<'ni»»iiia (;>ro;t. ii/nfu'), HO, tM- 
Fin^litla- n'lwr), Sl^ Si 

Fisliilati'lii' 0'i;<r t./(«A) kind), \i2. 
FlalK-llina (littU fnn), 7^ 
FlalK lInm (/<in), i± 
Flij?(tn» ( pixp- n<\mf), 2L 
Foratiiinifcni C/m^/ (i/ holm), ISL 
Ftiiifs'iilii- (mxjtAnxni IJI. 
Fiwuliiia (/r7;/( spitidh), 7^ li. 
Flisus (<;;i;(d/«X SA)^ fll. 

lUm;s, 173 

Gailloiu'llA (prop, nnnu), lit 
Gale<-yiiu.s (irnwl dog). Hi 
(;alc<M'.T<li> (wcajw /-/r*r |»Aaril']X 132 
■ (JaliTltCS (*fonr rtip), SL 
! GalfHatuiis (tfrtwr/ /unn/), 267. 
) (lalciiA (irfiw/ [shnrkj), Li2 
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OatliMllIM (W))(»v '■•""'). 
(liiiioitlci ('hiiiii [ Mii/i'.'!|), 21L 
(tnst'Tostoiis /'i/ /xKiv), rij. 
(«;«Ht<>riiis ('f'((.</('.<'« y'ii'l), .'t'js 
(rastmlin, {ffimal (.■i^i<//j). II. 

<iii.itiiH'lt:i'n.-i {i>iUn '/"/»'), li. 
(inviallH (I'lo)' nnntf ], 'M>'> 
(icocriniis (//nc' 'i7w), UIL 
Oootrnthis {!iuiil f'luiil), 1 1 1 
(icnilliJi (j>iii]i. ni'iii'), liH 
(iill>erUM»<Tinus {tiilltrCs /r7.v), 3i 
(iitncrangoH (}ifiiil,}n.i\ir >Ai (Wyi). llL 
(.ilaiKliiia (/>/'^ t!. Mj (t), iiL 
(ih'iiotn'initfs (fi'i'il fi'ih\ 
(il<>)>i<->>ii<-ha (;;'"'»•■ c'"'"). lii- 
GlobipTiiin (ijl'/l-iih' fiffiic) ), iL 
(;t..lnilu« (/if//r t(/.i?M-). 2:1 
CilotillliMlllS (^lliiijiilf tixtth), IfilL 
Olossiwiiis (li>n<n(f tivtlh), LLL 
(Jly]>lifii (>'->i>]>li'rf), IiL 
{ily|>hith;iTciis {•trxljifu rfti hi Nijr), JiQ. 
Glyi»fif«'> («•>/ //if iliL 
(rly)itivriniiH (■^--u/^.^trct/ /i/i/), aa, 
filyiit<)l«'l>iH (itriili'ltirril .n-nU), 1 .•>'■ 
CJlypfivlon («-i(//rfMr»<' I'fith), 12L 
Glypto|tonuiN {M-ulytMi ftl }>'!), iiLl 

<ii.|li)ltit»>S ((rMfj/i- <ff>rl«). iiii 

(t*>niiKlt'*<-iis (<t>i'f>il/ir »/(-«<-X Hi 
(ii'iiioinyn (minnlor mm), IlL. 
(J">nii«|>l)r>li!« ('"V/"''"' .*'"'«■), aiLL 
Ifnrtioiii'ln" (/'»■";'- «fuM'), ;ja. 
Cnillatorrs (I'VK/f r«), 3'2.S. 
firmiirnyHi.H ^;<r..y> }inmf), C'~, Is. 
Cini]ihulam ('i7/V imf i 22L 
GrnpUilfl'iH (i'-ri7i»(<7-scf Ir), 16S 
firHptolitcS (xtnni/ irritiiin), '2L 
Orntfloiipiii (;>rty/). nomr), IL 
CJrk'jih.iia, i6. , 60. GIL 
Gut-tunlis, L 

(inio (•//umxi), aia. 

Oynn'»nthu» (fi7f'r rinq), IiL 
OyrinnH f< tnf? Aor«). 
(iyro'Prai* (>•!»•<; ji/tir), 101. 
Oyropristis (ring boiu), il. 

Hali'voniis (k iii'J tijthrr hirtf), a-'S 
HrilyHit« s r/jnm), ^ 

Hiiinite« (st-wf h'^k), LML 
llaplufAnlhti?* (!>li»i>U i>pinr), 123 
Hnn>«li<lie, kL. 
Ilnritnlii.i (r</ra<-K«/«). ii. 
Hfli' cnis («tM?f fcorii). 1 1-t 
llrticfKf rriH (Mci*< /ior«), lOfi 
H»-'lic(>i<l<>a ('"•/■If fr'A,'-), ii 
Hrlii'ostt-pi (t}r{tt rrnti-), li 
H.'liooifJariH (*«» crf'i"H>, 31L 
IlcUoliti's *fo)« ), 2L 
ll.-lix (f«-.xO, 21 

ir. llsd.itlKTiMin (CmA twn^\ 102 
II('l<Hi!ioniH (<■?»/'< '>ffrr«'»-), 51 
Hfin<'rr.hkM'l<'<« {lilr liny lt;vrf). U. 
Heniin*t«'r (hnlf *lar), 44» 
Hi-mi' iilnris {half crmr,,), 



1 llt'luipni ustcs (/i»r'/ ''r'ri>,'/n r), :!'.*. 10 
Ilflllil'I-istis (A"// ""ir'), l.i" 

' Ut t^ nn i rr al (../,/ Uiil IJiL 
i Il('t< i<nnira (•-''/ yi"/' ). li_ 
I lli t« rMHt. U>* {':<l>< tx-ni ). Ill 

H<'xri]iriitii<|oii {^ii fntiii ii^th), I 'til 

Hiiiiaiit^'ptcnis >// n, 

lliiiTiitfs (»iiJ. vf'.iK-), lis. 

nip]>n)iijiiis (h-ti<r sfft)^ s. 

Ilipl'aridii (l-tti, 

IIipp<)<'ix-iin I'lt'i- luKiif), Ss^ 

IliplMihyns (/(■'< «■ li'Mi), 401 
I IIip|Mi|>otauius (/i'.,' <(■ r/fcr), :!''*> 

Ilip)>o]H><litiiii (h'li f fioit), IL 

ni|'purit« >. (/i/.rw fofV), 7^ LL 

llipptititiila- (h'') !if 't'i a h'Li ), 21. 

Misti.KKniia (•"!</ sl. in), 12. 

Ilistioplmru.'* (^"f/ 'x<U( / , 17'J 

I ii>i;a.Ht<T (i'7i..;f <r(f)), IiL 

I ni>livtyptiH (>''l>f'l( ov> }>!"»), IiL 
H(>Ii>i-<;phali (ffti/'' hfntif), LlL 
lIolfK-y.^tis '«;;), 1^ 

n<ilopi-na (if'/i<i.', 4 1 11 ), 2:1 

I H<ili)pty< lii.]a>. lldl 

H"lopty<'liin«t (irhi-U f"hl), l 
H'>lr>stiiaaUi (fbf/f nu'iith), 2L 
lliilothnrioiden (I'lu/t notnr), LL 
lloiiiat aiithii<> (j' Mif s;<iii. ), I 'JH. I'M 
IIonitH .-n nl (rmi Inil [Jii'h]), HQ 

I Hi mil ist I'll!* (J''ii>r l-finr), LLL 

1 Il'>l>l<<py^'ll.-i (I'Vilj)*-!;) r*f 1*^" 

Human romaiiis, 4:t><. 
1 Htironia (/)rr'ji, nnn\f),\nL. 

Hyivna »("m»'), UjL 

Hyuv>noi|«ii {h^irnti Unlh), rtT'2. 

FCyala n (ci-ygt»l\, UL 

Hynloiii^iiin (rrystol thr<f^J). 21 

HylfTMln?* /•fcj/Zi). 12a. 

ny<ln«pi-lta {vattr ^hUtil), H17. 

HylrojiliilM;*' O'*"''''" '"'<ci'), 1:2. 

Hvilrozoa (utitfr nniiwih), 2L 

Hyhi oftauniK (irr^wf Ihnrtf), •*9-> 
i Hyiiirnf>rari« {m^vihntnr «Ar»mp). IL 
I ITyopolnimis (/(^if^ niT), 4<x> 

\ 

I Jahira (;>fOf>. ttfiwi'), Ci 

! lanthina {vinlrt), 

Irhiiolosy (fii't prini U>rf\ Urt 
It'lifhy'ptiTVKin (.«*'• 7* ••*), '^1^ 
li-litliviMlonilit* .-* (.^jiA .<yKj,<v), I 
Ii lithytsaiinis (.rt--"/! lirt^rtf), IIIIL 

j MtiKXKM ( pr»i) tunHf), 3L 

I niH-niiH (''■"'•■ fthf,tit). li 
I Iiiiliisial LiiiK st'iiif, litL 

InfuHoria (>( nhnnJrnlf." n/ li)/ti.<iitnn), Li. 

Iiiiinu<« (infi}l,r<j), ilA 
I InoorrnMins ( fl'T 'tM sA*''/), S, 

Iimcss<'>r>-.'< (/«''■« A i »i;7 JmV'J), 32iL 
j Inwrtn (i »«''<'''), iL 

Invrrttlimta ("ii'h»i-; f^e nrrl), Ih. 

•louaniK lia ( >i«';i*). Li 
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ls<-hin«ltiH (i«fr»>iij; tWA), 1:K 
IkIh (Isisiiia), f/"""/'- ""w), '21L 
|s«iarTa (rtiunl nrl), lilL 
iHocanlia (V«/"'i/ htufl), 75, IS. 
ImmIiim (ripin! liK<th), 1 (VS. 
I^M>fMMin (ft/iinl /iM>l), UjL 

Kki.I.Ia ( ;>r'";<, xfinw), 7.V 
KcnuiiVii (hiii H-mus^-ifl), 2&. 
Kotiiuckia (pn*}: tmtiu), (Ki. 

LABVRixTii<irH»NTiA (Mi^trinth trtth), iM. 
Lftcrrtilia (h.vin/ rrifc«), 30<i. 
Lac<-ii|ihilns Imtr), 61. 
Iwi^'t'lin (prop, mtmr), liL 

Lii^'ostoniiu (A'lrf mdufAX 
l>uiiivlli)>nui< lunta (;)/>i/r gi//), 
Ltiliitui (^rro/i. n(im«^, LiiL 

Li'ini'ttiilliiiH «}>inf), 1^5. 

L(>i<Ml<iii (finixtlh tin>th), SH, 
Ix'iimtctiiia (giinKilh munlh), IBL 
Ix-nitii (;»r(»;i. ri«mK), HI 
L<-|>H<lul)i' (limpil likr), Hl 
L*'|HTilitia (;<rrv;(. mniu), isi. 
lA j>i<lntit«T (mnile ittar), JJI. 
lA'|ii<lo]^aii()i«lfa (wti/«' itplrnilotir), l ."»•-' 
L<-|>i<l<>r<iivn (jwx/.w firru), 'J Is. 
Ij<'l>i<li-»»ti*ll» (*t(/f fxiity), 163. 
LcpidotllH ItiT. 

lAi'rncanthuH i,>'i>igh fpiiu), Vl*. 
Lfptacantliuii (s/<iu/er npiiu), 
Li'I'ticna (itltnilcr »htll), uiL 
L»'|'t<H'lu'lL'S (xleitilrr piitfxr), 41, 
l><*|>tuli-|*iH (iJ^iKlrr miilr), U\7. 
Ix-ptoplt'urtm {iltniirr rilt), '267, 'iM. 
Lt-I>t<)t(>utlii!« (sttniin- w/pmW), 111. 
Lictia (/Tii;). iKinu'), HJ, 
lA-iiitn (^>ri'/<. n<imr), ilL 
Libi-Uiila (ijim. q/" Hame\ ^ 
Lima (^V*'), lis. 
Liiiiaciiia (liltlr $}ug), 80. 
Liiiiii'a (,lilf), lib. 
I.iiiiaiiuiiiia (^7r outlnw), 67. 
IJiiiiui-A (wtrjiA »iinU), liL 
LiiiiniUH (m^rxAy), 
LiiiiiiliiK (wmj-ifAu/ ff'Tv), IL 
Lilli^llla (/(f^/r liniijur), «L 
Litlinrna (j/«nf 'if/Zy), 2iL 
Litlioi anliiim {-ilone ok A/r), li. 
Litli<Ml«;iuln>n (irf-»ii< trrrX iiL 
Litlioniiii («ron« 6ir</), A'lS. 
LitliDHtrotioii {ttinu cin-nrr), ^ 
LitoriniilK.' (»hort fhrlU), l»i 
Litutti'8 (ttlon^ fh(ll), Uai 
Litii..la (/////f sioiif ihell), L 1^ 
Loli>;t>8«>iita (»;ui</ cntllr), liL 
I»]>)iiiMloii (crMt foo/A), :ij7. Sli. 
lioricula (lillU minil), 45, jiL 
Ixtxuneina (irrv Ihnwl), SiL 
Lucina (jfrop. nnme), 447. 
Lariuid»>, 75^ 77 
LacinoptiiK (fiite /Hrt'nnX IL 



1 Liiidia ( )>rr>)/. unmr),3ii. 

LunulitcM (liille w/>fm rtnnr), iL 
I Ltitrnria iltrrllrr), TL 

LrriMlt'Hnia (lyrr kituje), 87, 71. 

LyH<>lM>iiiata (/tkoiir rtUrf), dL 

MAOActrs (monilTi/), sna 

Mai-f 11<m)oii (sTjintle lontS), Hod. 
I MaoIiainKliis (*«'yrr tonfh), 41H 

Marlurea 0»r>»;». rMinw), 80, 
f Macniiiolu'nia (hmij neck), 428. 

Harroi-hflluN {long lip), S7» ftl. 
I MacrcHlon (Intuf hntUt), 111. 

Ma«'nii<ctalichtliys (long lea/ JUh), lao. 
f Macni|M>ma (long liti), 1 56. 

MarrxjiUB 4'itf. 

Macn>|>thalma C<on^ r.vr), 50. 

Macn>s|K)ndyhiH (Inug r<eTieltm), Mut 
I Macn>th«.>riuni (hng brtutX 37tf. 
! Maetra (tmtiiih), 71. 

MaUu'oplcri (!»>/t Jin*\ Ua. 

MalacuHtraca («>/( «A^{/), UL 

Mallotua (my-J/v), 111. 
1 Mamiiialia (.mcklrrt or leat-brnrtrwi), aa^ 

Ocolotfical disthbiition of, 4 as. 

MHiniiiillop«)ni (teot /•ore), iL 

MniiiM (prcr]>. Haw), 4'24. 

Mttiion (pmjK nam*), L 

Margiiiiila bonier), II, 
I Man4»ii>iti'i» (•»/<>»»« ;>«rw), 32, 33. 
I Martcsia (prr>}>. namf), Ih. 

MoHMOspondyluB (/oHj^r vrriebm'), SQQ 
I Ma.stipi|i|n>ra (j«<vn,n^ brarrr). 111. 

MaN<<Mliiii (lent fitolh), 3K2i. 

Ma»tod<iii.<aiin)S (ttat tooth li^anl)^ oir, 

M«"t;n< iTi>s (grefU koru), 40.'> 
I McpicliiniH (great kmul), ijt 

MfKnlitrlilliyi* (great >jiA), Iti-i 

Mt piliHloii {gi-ral toffih), 72, 2!L 
I M<-^al<)inaHtotiia (great mouth), iH. 

Mi-^losaiiriM (f/mU /icrcivf), 28«. 

MrKaluriiH (.(7WI/ fa«7), 168. 
I M«-j.'aM]>irn (gieat »]iire), JM. 

Mcpithfritiiii (grrat Itra^t), H4, 42.". 

McUniri (hlarkntM), 5*2. 

Mi>laii<i|>Ni!i (/('ilY mrlaniaX £2. 

Mcllita ( j>nr>/». ftame), IQ, 

Mftlin'rinud (o;7)/e /t/y), 33. 
j Meloloiitlia (cockchaffcr), fi, 
I Mi'noj»niiia (hinting liil), SOS 

Merliiius (/>ro]>. notn/), 17.'< 

Mer>'cothcrium (mmiHUMt Iteast), 40a 

Mi'NO<U>Kiim (mi(/A H. 

Mfsof.ithecus (mi</ ajw), 883. 

MfH-istylUd (mid sti/h), 

Metojiiaji (/«ri/f /ronWX 207. 21 C. 

Mfyi'ria jfrup. namf). 41i. 

Mii-hi'linia (/*rrrp. namr), 21. 

MioralMu la (litllr plate), 2L 
] Micnister (Uitlf nUtr), ML 

Mii n>conchu8 (little thell), li. 

Ml« nile»t«'8 (liUle nMer), XiH. 

Microtherium (little btast), 371. 

Millfrierinua (miller'i lily), ai. 

MilleiMiriiln- (thtmmntl jtore), aS^ 21, 21. 
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Mltni (mifrt [thfll]), itSL 
M(Hliola {hnukft \!*htU% liL 
MoilioIojiHiK (likr miitiioUi*), IH 
MolliiKi-n {mxllufki \»j/t niiiinnh]), 
MoiKwIac-nn (giiujU biU), 74 
Monojili'um (.*hmfe rih), HL 
Moiioslt-jfn (xKi;;/*' aiirr), IjJ, 13. 
Moiiutis (fiiiijle tnr), 66L 
Moutlivaltiit (j»n>ji, nmnr), 27. 
MojtW'ft, ih., Si 
Murrliua, (ox/ /fa/t), 1T:< 
MosaHAuniH (iiuux litnnl), ALL 
Munt,tn«' (/"i'y>. nnvu-), MH. 
Mur<."lil!»»inia (/Toj'. >wiim#), 
Miirii iilH' (niik shell tri>>e), SiL 
Myn (/i/jwK o/ fhell liiih), IL. 
MyiU Klii- (i«y«i tril)f\ ikL 
MyacitcH (my<i IJL 
Mya1iiiii(?i7//r my-O, rt". To. 
MyliolmtoH (fw/// my), l:{4. 
MylixU.ii {miU U»>th), l:>i 
MyoooiK hn (mj/rt-sAW/). IL 
Myojwra (wya pn^luciiuj), IL 
Myophoria (wya ?<fin«i/), 6t»j LL 
My»ixiiH ((/</ri«.oi(,<»-), 4J1. 
MyriH|Nxlu (thoumiml frtl), i;L 
MyntriosauniH [*nuiU xjKxtn lisnrd), !MH). 
Mytilula' (m«&«^/ Irilir), Ifi, 
Mytiiiis (w»*j<t7), IiL 

Narcoueh (/jfrtiiwAer), r2.'> 
Nalii-a (/i7f/c brtfh), til. 
Naticiila-, JiL 

Nati»'o|>!*is (udlii'^i like), 2L 
Naulaa (/mir/i/), 1 'i:* 
Naiitiliilii-. 1»1L 

Nautilus (saihr sA/W), ^ llo 
Nautilucf raH («n7«i- /w^rn), IfIL 
Naviculft (?»7//tf «i t/), HI. 
Nw«Ta (}»'"!'■ >Mtne), 11. 
Ni'lxilia, ill., AL 
X« ith«'a, lA, rtlL 

Nt tiiacnntlius (/A )W(f ,«;!(>»■), 1:>4. TJ". 
Nejimla- (jmip. ikmiw), iL 
Ni-|ttUliia (/'n/y>. nniiif), QsL 

Nfiita (;>rr7<. hiihu}., ST. 
Nintula-, 23, 
Nfhtoiiia (Mf r«/<i cm/), 23. 
N«Tito|wiH (nerita liki ), liJ. 
Nestor (;'rr»7', ii'iw« ', likL 
N.MloHaria kiioitr,!), UL 
N"ta>{>>j<Ui* (tw'cA' }>rnrrr), l>IT 
Notlictsaurus (Uistunl Hmnl), 
Niithosonius ('»jM/an< mouth), ML 
Ni>tiilaiius (/ni/rir/onn), i:U. 
NotoiMH'onstcs (^<f»< A anned), ilL 
NoU>nii» {i<w»'<A^« KnO, ^Ml 
Notoihfriuin (sott/Afrrt '«r<i^), 4.'{1 
Nui U'dbrancliiata (ttr((W yilUd), hL 
Nuc Icolitr* (kfriifl Ktf.nr), IfJ. 
Nurula (fiW/f viW), I<L 
N'ut iiiiolla (^VJ/-- nnrulo), TL 
Nuiiiuiulit^s («>«« */<>»*■), T, LL 



(fttuill coin), lill 
(>i-tj)iKMla (ffz/Af 1"T 
0<-ulina (intuit » .</<■), 

IOI<>nt;u'antJm.s(f<*i/A gpiur), I'J.'. 
0'lontax|<iH (/oof/i *hifldX 1 
OtlontowiuniH li::ar<l), 
()I<lliaii)ia ii/riji/-), ;J2, liH. 

I <)li)j;i)|ili!uruM f/eir n7>#). Ids. 
Oliva (.'//i^ f.'*W/D. IKL 
Omjuitsliri'lu's {t >if turn), LLL 
Oiu lius (AooJL), 119^ m. 
I OiiL-li'HM'ra^ {h'x<k horn), HUL 

OnychcttfiitliiH (o/pf *>/ii(</), LLL 
I l)j>»Trulina (liItU 11,1), li. 

Ojihionniia (fimke hnir), iH. 
Optiiixlfniiu (gnnki: akin), M. 
Oi>hi«>i»si.s (snakr iinpfct), 107. 
Opliiuni (niMiAr tnil), aiL 
Ol.liiurclla (HHU Uiil), ajL 
Ol»liiuri<he, ;'». , 37. 
• >I>is il'rop. namf), 76, 447. 
Opisthi'Of lia (wtr hf>lh>ti'X 'MM) 
Orai-aullius (/ii//iW,- fq>inf ), Lli. 

! Orliitolitos (i.rh ftour), IS, LL 
^yrritstur (hill'M-k ttnr), 3S. 
(>niithi( hnit«-H (hinl /<>"t-prinU), 341 
OrhUw (A i/^'x/.- iL 
Orognntliuji (hilli'ck j<Tir), liiJL 
(irtliaoaiillius (x/nii^At j«//uif), LiL 
Orthidii-, hlL 

onhia (itmiijht thtV). ^ <W. 
Oi-tliiHiiia mihis), h&. 

Ortli<H i-ni.s (ftntitjht honi), 100. 
Ortljouotu!* (jtfrnN/A/ fxj<"L). IlL 
Oithojililfljia («/»-n(VjA; rriu), [lL 
( »st*,'<tlrl>iK (liorir j«Cil/<-), l^iL 
, Osto.plax (lioHr pl"t<), UiiL 
Ostra< <Kla (flifll rhi'l), 4L 
OHtniilu- (otifUrtriin ), filL 
Ott)Z(»uui (>"r i>»iiMi<(/), 1^*0 
OudeJiiKlon («" tfflh), 'JtiL 
()vi<x»8 (shfp 4.'t7. 
Ovulitt'!* (/)7f/^ f'hj sfonr), 7, LL 
Oxygynis (>hurp lum), iii 

r.*l HYCrtRJll s (f/itVI.- rr»Mii), nvt 
I railiy<lf:<nia (/AicA' A Li. 
I ruchy>o n» (fA'C^" '"'">'), iL 
I PacliyiiHiua (th>>'k tnu t), Ii>^ 

Pala-JUittT (('.'</ «/(u X IiL 

ralarhiiiuH (ol'l iirrhin), ii!L 
I Palu-xtTJinj^)!! (ol<l thrimp), LL 
I Pftlaooytlus (rt/./ cinh), 2L 

Pnla-iM'yun (i.*/'/ if'«/), 3^ 
I I'ahnMliitcuK (oM plait ), SS, 
j PaLi-onisrid:f , IM. 

Pala-oniwns (oJW ««n<i Ao;»jw»-), Iflrt, irtl. 
^ PaIrcf»|>l>ryii<>H (/>/(f IoojI), :v2o. 

Pala'opliys (<</</ .sfq^tit\, 3LL 

Pal;if>jiyp' ((•/(/ rxinji), Is" 

Pal?p<ifiaunis (iild li:itril), '*7f'>. 
' Pala-«s|K>iipa (•>/'/ ^/w^M<;f), I. 
I PalaM<t<.Hthi.-i ("/W *7Nid), 2S. 



I'.il.cotlit'l iiiin {I'Jii fff'i^l). 'M','y, :i7:, 
l'al:i|'t<'i-\ \ (( /(/ ^rulv^.•^' bird), :t:U 
r;il< l\ X (. .'.' fi' //" Mf). :tKi 
IVi i 111 I (/■:■' ( j/^ S'K'tl], ILL 
l';ilii|.|i.i;."lH (../' .<,f. . ), lil. 
r,ni'l<il;i ( <J"."i' ), li. 

r.ii.i I] .> .1. I '< . 77^ !>. 

rriv:i-;iii It 1 (','■'■'.■; Kmfi), 'STj, 'Ih. 
l';itrKII> (■I'l ' i 

l'Mss;>l."i.>li (;.../ Lih. 
|':il4 ll;i (,',,.iy.f), ILL 
ra(< ll:.|.i . '.■:( 

» < ;ir' »"j/f»i, :<T.'). 

I'c t.'ll (/ .n|(, n/i- i'/), liJ. 

I'c' l tiii<i;i-, i>S_ 

I'c.HllK uluH (/rfr/< i-.m'. ^hiU), 3X 

|'i-l<ir<i>;nitll»* (f/n'i' h:(inl), :uil 
I'l-nnal nlniii' ( " II li il>f ), ^ 
I'l iitm rinns ( fit> M '/), iLl 

I'l Jll lllU lllN ( n" yl l .''''), II. 
p. lltl<-|lljt( > (/"> I'T../), Xi. 

I'l-i I>' Iiim|i itilllH ( > r( M .'I' I H;; /('-rr >r), .'{,> 

riTiin (j-'kA '/'I'ltf/' ), lili 
I'ctal-.ilus (!> "J t'"!h). LUl 
I'ft rii-"»l:t '/I't'/' ), 11^ 
1'. triKliis (. M /. f -.f/i), laiL 

I'l l ri>s|i(i||;:iai|if V i" ^ ^(•'■rl 121. 

I'll i< ii|is ('< IU1 ni''), IIL 
riijiH>-.i|<)iiiy« ( (X"" '< M<i'c<). -I -Ml 
I'li;i.-i Mlii|ln'riiiin (i""iiK :U1 
l'll'i-lilt'>)iti-rui4 (A<rii Ji;; i-fl i> iiifj!<), XilL 
l'li>>|/i<|<>iiiyn (i>>fi!'iji mii~.tfl), TT, Th, 
I'lli'lns (i-iiir htilimj), LS. 
|'liolnlo|>|i<>iU.H (vTiff twiirrv), IM. 
Phn«K'<""<'«Tn.'* (;'<"-/ifnrii /mni), liit», 
I'll ryj^'itlu^i lli' i'l "C iiuiili - ./'.«), 

rii.vii<Miu» (inii h^.ih), m, 
niVii.-i.-i.is »/.■'«•/'>). i^r^ ijis, 

]'liyll..iHMl;i {le<\/ /-.iO, UL 
l'liylI<i|Mtni (/mi/ ;"■'■'), ^ 

l*iiin-l<Mlu« (/"/'v). Liu, 

I'illll.'l V-'O'l (I), 111 

Pi^i ( n..>„->). Tin 

Pls...|lls (y»(> ?r.f.^/«). 171 
ri-tlKS.uinis t7/vn Ikiii-iI), 'Jii'J, i;.i4 

.'.Ills f.>.f/i ), ■Mii 

I'l,i<.'iiv:.iiiMi.(fi {f Uit, »),.. r, vYif. ), Kit* 
I'l.l.'.M.l.'i s.-./f), ii^ 

rLi<'iiii;i (•"' *■), liL 

l'll(i lllH>Ji>is (<irlf ll.-jin t), (12, 
|'l.ij;i;ilil;ix (si, nil <;)•!.., » |, .Ti:!. 
ri:i^i'>stoiii:l (^!iiiif 'H"i'lli), lii 
ri Vl-'hli'lni, l_Uii 

riiitriiiys ( rf,<? Ij.i I'.i.^r'), .tl'i 
riaty:i. aiithils ^;>//(>), LiL 

riatyi riiniH (/ff /f^v), LilL 
IM.ity|MM|i^i ( rf,./ /,-,./), 
ri.-ilysi'imis ( tl.'t t-.,ii/), UIL 



I')rs|..l< ntllis (i, 111 

I'li-rt nxllis (simr ftu,th), \ i'O 
I [*K'< tniloi'i> r jt'il/r), 1 »•<•■' 

< l*lt tini( .iiitliiis (rih)^,! 1 
■ PI' iinisJ. r {i tttir), aji. 

I PliU|i*liri-tii|;c, 1 '-A 

Pli'iin>iiliiinis (/■(/) fitni-t^r), 07, liL 

Plt'U|i>sti-ni<ill (ri'> f'f:H»l Ixnl'), .117- 
I PU-un'tom.-iriii (»-i7j ulinr)^ IJi 
j Plicntilm (;7.m7</0, LI. 

Pli. ritilljl {lit'lc /.In Hi), jJS. 

Plioli>|ihilt> (it'iirr-r to ridof), :t.'>S 
I I'lioiatlitvns ()!»'<;>/■ f« f';--), -HS-j 
I Pll>>Sillini!» (nriiixr to lii'n;!), -'yj 
I P«><1<h|iis (/«•)/ IttS 
I I'ii'Lili>|ileunj|» (>yu ird rih), Hthi. 
I PtiH-ilM|io(l (liifrm- /(vtf), II. 
I Ptilin ij't s {thuinh />«>/), li. 
I P<ily ( \ htitia*' (iiinny trltfl), 4^ 11. LL 
! P<«ly;;astria (>H'nj y utttimuhKl), Ij. 
; Poly pi (/ri't)j iliL 

P«'ly|M>lJK< i;i (hi-im v ftft fhrnth), ^ 
I Ptilvln'mariii (pfi'tJiy hiArd), 
I Pi>lyj>ty flioiloil (»I((HV {jnniKtd t'M^th), -v>r>. 
: PolythuUitiiia, {iimn\i vhamberrd) li 
I PoniinlMiuit«'« (;K»re />r»»wi»(*iuY), iL 
I P.trt fllia (/iM/.- ;<u/), 

I P<>ri>iiiya ( jioiT mMAur/), XT. 

I P>>Mii|i>ii<iiiiyn {Srfituur iHii*stl), 4^ IkL 

P'>Uiiii<lf'H (/mi ii/i7c Hhrll-likt), fii 

P.)t< linrt ni.s (ri<;>-AorH), KM). 

P.j(<'rio< riimH (cup lily), 33, IfeL 

Piiitiiiis M. 

Prislis (tt'»-7(>A), l.Hrt. 

Ptwo'lia (/innt hollmr), H<U 

PriMliK ta (iJfTifru fria). fisl 

Pr>>i<Xvm<i (/n>nt irinn), lrt7. 

Pni.si))Hiiusi'iiM (i>rrsoi» thrimp), UL 

Pn>tastfr ( /ir*f *f<»r), 21, 

PiotiMiiVrt ( ftr«/ /'frfot* ), .SI 7 

Pp'tii liiiiteH ( Hut /,hK>ljtrint»), 47j Usi 

Pnito (/») i*^). mmr\. tt'j 

Pn't«>|>illiLCii>* ( /ir^f «jxX 

PruloUiis (/r-f ''f '-'X 

Pri)t<»r<jsjninis ( firat drgcrilifd lUortl), 'J^ 
I'ri'txvirxulaiia ( ffr>f f>7//f r'x/). ^ 
I'pitiizoa liriNtj Ihitujs), 4, iL 

Psftliil(l'ist«rlis (,viri!( Ixtnr), ItlS 
P-ii n(i<MTiiiu.-» (/i''** ^',v), ^ 
PN<-U.l4iliv-1 (./it/w V), iJil. 
PniIUh imJiis (^Kimif trtrdh), I.HW 

I PsdIuh (i>i im<itl sun »•< trill), IL. 
Pl>M-il>|>lH (m iiif/ fhtrld), 144 
Pti ri( lilhyn fljA), 141. 144 

Ptf-rimrt (iriii4lril), iifL 
Ptt i'X fni (I' l'dj/ /lOKi), iii, 
PtfiMi iiina '"■'>), Ml 

I l't(TinLt< tyllls (trtii'i riitffrr), '27 i 

I Ptt i>"l<i|itii (('•((«<? f(H-M), fia. 

I Pti-H)|i|-ni» (irimi sf'ill\. 09. 

I Ptcn iiMxIa ( »'•< »</ /t".'). liL 

! PtciiiHUurin (irimj Itzord), 270 

Pt< mUif'f'.'i (i<'in(i sliroth), SI 

I'tcrygiitns (I'-i'iis; r-'i ), JL 
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PliliMlirlya {Jrnlhff ,if7), ^ 
l'til«HM>ni (/rnth'i f-i'). '.'J. :i<l 
l'tycliiMoraH(/'tf</ horn), Hl<t 
Ptvrli'Hlns (/rV.? ti.<.th\ Vi:,, i j<», |;u). 
I*t>^l|..^,•natl»rls (/•■/.' ;<'"•). 'j.'ir. 

I'tllVlllih S ('-'lA/lcnJ >r-,)J/>), jiji. 

Puim [s;i. '/H, 21. 
ruri.uni (i>ur,>l.' l^'tl]), ^ 
I'urimriiia (litt!> p<irj,!. ), jis, 
VyvuixUmtt s (hiii.ii< ti>,rf,f,l iriU), 
I'Vi-riiKlnH (hiini}> hi'^tli), l(Vi. 
I*\ k'Jish r (rrij«;< ill 
ryi^'(«'i-|ilialiillH (ffri)iy» hfnit), ill. 
l'v;;<>|iH'iU!< (ni liil 
I'ynitiiiilclLi i. /mmiil), iH. 

I'yrinii (7if//f ill, 
Pyriti'lKMii.l ( nrr lltmul), 
I'ytliliui (i'r'>}>. jiiimi), ZiL 

Ua(»1ata (niyfil miimfih), 'Jn, 
l<a<lii>lit<-« {ivi^ril ttnnr), li. 

H;itii i:;t;. 
Ilaiiilif {my (rUty, LtL 
f^iliiphuiliyiicliiis (i>ft\k bill), T.'.X 
Rana (//■).;), 3h», a^Ji), 
ilniK'lla (/i//^ /riM/). ?ifl, 
|{aiij<-« |iH i/rtxj haul), •->i*r. 
Kji|>hi»s.iuni.-< (a>rl 31 1. 

Uji|>liist<»iin (««'/ iwuth), l»i 
R«|itiin>» (hitiU I)/ inyfi), aJS 
ILiiHiirv^H (jii r<(f. At;.*), :<'J.S. 

R«'iiiilf«'r, -!')«•■ 

Ut l>tjli.» ()>;.fr/.-<), m:i 

(ii'ti|n;n<«l ilistrilitltiiili of, 321. 

ltt>(|iiic)ii[i (/>r"/i. n'tinr), 7i 
Hft/ia, (7>, , ^s. 
l{^•u•^^i!l, 1^ , ilL 
ItlmlxliK jiinrirt (nml cnncit), 
Uli»lMU>iiloa {■ihiJI'lii.i ), LL 
Kliiim { tile •,>»), 1^ 
|{|iiii<M'4-r»M ((('»«■ /jr<r«), 31*^. 
Itliinodoii l<^,(h), MS 
Klii/iMliiH (ri»i/ l<»>th), 1 '.t'l 
lihiz><|><Ml;i (f-i^>/ /f-.O, 7, liL 
l<llt.Mli«-rillUS (;-'i<r htiir), ^ 
HIloDllxiplloIiTt (rA.)Hi/. m-hI> ), ■jiA, 'iM 
Uhout\>[lr< {tin lilt), I7:i 
Hliyii<-holit«-s 't'luy)^ <f± 

Hliyii' |j>>n<']lii {lilt!' t-ctk ), ni, 'iT. 
Rliyin li'iHaiim-* (''^-fit '<ri»( f/), jilt. 

RllMl. li..|»-utlns C^-ri *</un/), ;iM^ 

Riiii. lla (/if/;, r/iMii), hh. 
Riiiiiihi, iilL 
Riii;:ii uU <7/7?// :;r.ji), 
|{j-«.sii;t r «i'ni«), 7 1 . 
H'«l, l^tiu (•jti-m tit'l l-o-^tf), 4'JO 
R<».itlili.-l (/•/'•;). m'jin ), 
Rn?«l< ll;iriH {txuLih, !)), JiiL 

Rotlllilui {/.fi'/( tr-fc.v'). IIL 
Klltliiliailtiil (t r«f tht {i; r:i), itt\ 
Ityttiui (id'ij/tffW iilxnif), liZ. 



Siiliii.iiiu-H iiMtrr fhrll). 
Satiii. fiiliyi.l;,. rtjiy, friV), 

_ S;Hlri(•hHly^* (/u-r- (( yi.iA). Hi::. 

' Saillilliis {l.tir, hz'ii'l), HUL 

' S;iiirn|i.sjs (I' c.ir ; /(i^), liii 

, S;»iirHl>l<TV^ia (/j;,/,(;7r„/uW), --'D't 

' S<iiiru|>n.s (7(,-i>i i/ /ift), ]u7. 

J Hinirohti.iini.'. (/ir.tn/ iwiith), likL 

I f<axii nva (r.« A l^orr), 

I S» Ml iiia (truiiliiiii sU'ir), 22- 

[ W' Mlitff* (.i/'ij > >f</ii<-), ii::. 
S« uIik1Iiiiii (''■^'Ii'<I), ii 

iSmpliiti's (/»(«f/ .TforK-), ill. 

M« a|>liirhyn< liUH (Wif /w^aJL), l.M 

S< i>li«i.)sauriis <7M<i'< lUanl), jm;, 310. 

S< t litlothvriuiii {limh ^<r<i*/), 4L'7 

fS< innis (.sr/,/ii ,,/), j.'i 

!S< uliiisUiimi (trrn numth), Itl. 

>>< <>lnlirMi«l!i (in/»<i/rr/ triltf), 1 7l' 

.Siulella (/(f//^ shield), 37^ iiL 

Scntvllinii (;(///»■ ahkUiUt), 1^ 

ypliia (.>^. i/ ), I. 
S iiiionoliis (siiinol Ixu k), 1«W 
!Seiilio]ih<ir<iUn (Ni<;an/ l><n,rr), 170. 
S«'niiu>liitln-oU!» (i;"* ), 3M 

Sfpia (r.//f/»: >>A>, lOS^ LUL 
Si|iiii.I;f, lOlf, iliL 
8<'|>tifi-m (jm tit ion bfnrtr)^ 
S«Ta|>lw (/fro/i. tujmf), SJL 
.Vipulft (littir cnrjhT), li. 
t<i ri>ulariu, 'JA. 

Siliiri<la' («A..rryi>A friTw), I2i 
^iliiniH (shrni rf*h), LiiL 
Miino.-wiuniM ("uu^ liiurtl), .'34. 
Sipliouia d''!" ), 7^ >L 
Siphi,ii<»tri-1a (j'iv< ), tiL 
Niicnia ( y i/;' unuif), 37s 
Sivatln riuin bf(ut), 410. 4->;t 

Sin.«rrlis (/<>//<• B^A), Un. 
Solariiitii, li::. 
Sult a (.if./f I /(If Ji'h]), IIIL 
tS'lt'Ourtti^* (*h<irt i (ic»r-*htll), 2L 
Suli'liiyji (r<'r(,r-*A»// wii.'i*«7), 7 1 
.SiU'liflia (httl'j ni.-ur ,<AW/), 
Snlt iiiila- (n'-'tr t)u:ll trilf), 22. 

IMomidt a (i luster-likf), 13^ 
I S|>ala< othfriuin (mole Itimt), 

J^pai'si.-jHiiij.'ia (friillerrii tjHmi/f ),7, y. 
Sp;in'lla (lilfl' sen hn-.iiii), 1 17. 
Spatan>;i«liv (itiitnu'nui Iritx ), lUi 
Sp.itanmiH (liitther >'i'r). ilL 
. ^<pal!l<.l>nti^ {W,j</e my), IM. 
I SjiJituIaria, 1 M 
I Sphiirn {->ir 1 1 ]),"::,. 

I Splucmnitrs ('/f-^'* /tfi/n*), 33^ ^ 
' Splia>;<Hln» {thnmil tooth), l-'O. 
' ^Split-nai aiidiiis (treilite »)>iiie), P.M. 
Splii'iionehli'! (>'-i</</c hiftk), 131 . 
Spli* iiotnx'hus (<'-t f^K /<.p), ii. 
Sphinx (/'f '>f n"M' >. r>-.V 
, Sp|iyr»'ii<tji|.'< («•" ;>ilf // i'v), I7 J. 
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Sliinifi ritt-s (j»/>i«/- Uanr stunt), jl 
Mipiiiijifm (it)'inf Ixarer), SlL 
Wjiirialis (>;i(Ve iiifll), ML 
SjiiriftT (s/urr tieiirt r), il. 
Sliirif«-rina (littir Kfiriftr), oZ. 
Hi'intKlyphiix (sf'iail tcvli'lure), iA. 
Sj'irorliis (*jiirf si>hrrr), U. 
}<lMniIit (litlly f^fhr), Uts^ UlL 
S|>inUiri"<tn» {.^fiml l>f'ik), 1 10- 
SlMintlylnK (slull jijih), iki, 

H|MiliHllliH, lH-'. 

S*|iiali>l]«' (shm-k ti iftf), IHl. 
St}ual<>ntia (-Viiiri- nry), UllL 

Hlv;:aiio<li« tyiiiii (oiry/e</ itrf). L 
Stelh rus (;""/' »«'»<«■). 
8t< ll!Lsl« r (i<"> ifiirrt.i/i), liiL 
St«ili!*IM>ii>;iil (jffnf i»7«*ri;/r), h. 
Stftif<»wiuni>i (oAi'i / /(.■ii (•</), JilML 
St»'|>lniliitiii«-ta|"'l> (ic/rn//! chamrr), ill 
.Sti'ith.'Uiopliyllij* (K wffA '«'/), 
^4t^'Iv^>^:lll^thll^* (stijf j<i>r), :t4'i. 
8tu li<>.Ht<'K';i (rrm- t^rvr), Ij!^ IjL 
Htri'pKidum (twist t»iH), 2Si 
tstn j'torhyiu'liii'* ('"'i^' («T>t), iiL 
Str»-|«t<>Hix«inlylii!*(ff' /.<f iMf<-'»/t»), ;h>i>, Hol 
St rill^;|>< ^.'|>llallw ("!'■' /k'"'), ^ 
HtPtnmt«>iMjrn ix>rf), L 
Stiiiinbiilii , lil. 

StroliihnH (Htrmnh fhrU), SS^ ylj SiL 
Stn>|*liiil<>Hia II iti inf to]'), OiL 
Stn>i>h<niieua (fK <«« /AwkO, ^ 
Sturloiiida- tri?*-), ItA. 

Htyiiiift (Uttu »t}iie), -rr^ 

Ktu'liosaunis (rf^tiliU li:nnl\ asSL 

Myiin])ta ( juimil I'xjith4'r), IL 

Hyni>cla>liu (i>m*t /w/r/Ai-r). JLL 
Syiiii>;op.)rn (difm jfir), 

Tan<. uki>ia (/»rr>;i. M/(wf), li 
Taiiyrttr<>i>lif<iH rrr fetra), 21fl. 

Tni'ir 0<nv'- N<nn<-). :<T.'>..SH5, j^S. 
'IVclilirHni'liititii (ri'^i/ (fill), 85, 

Tt'lrontt i (riimi>lr(f boiir), ltt9. 
T<'U:i'horiiln> (/(ir otirnVr). iL 
Tt-lliiia (flifll fiih}, IL 
Tfllini«l«- (r«-//t«<i I ((('/). iiJj. 
Triiiiitipleurus (atl l ih), ajL 
T«"n<''>ni'iii>iii' (ilorkliHH i>rftlt*), L2. 
T»'iitHculit«'s (Imfoi le »tnne), iL 
Ti-n-lM Uarin (little htirrr), SL 
T« rvl>«n<nn, ih., jjs, 
T<Tf«liim, i^., li. 
T« n-l>nilia, ib., Q± 
Ti-n-ltratt'lla, ib., ij. 
Tfn!l>nitiilii, »'». , iiiiL 
TfstUiln (luiiiiix), llii aia. 



J Tfiitliidic (0fuid trtlie), 109^ LUL 

j Tfxtii laria (/i/f/** wio-r), 

; Tltaniiiirii-tiK {britk lilf), iL 

' ThaimiaM {nuirifl), VMS. 

Thi'cn tsll. 
j Tlit'fi.limii {UttU sfi<ath), ii 
I Ttict <><|oiitia (sheuth tonth), 'I7:t. 
I TheccHloiiNxwurus (thfuth tooth H^nl), 

Tlieiusmllin (shmth knife), 2S. 

TIhh-UmJus {itharp tooth), 130. 

Tliooiitin Otrc<;>. Humf), JiL 

Thi'tiH (pn-/i. M^Mw), 12. 

Tliris!iuni»tiis {thrtifsn Inck), Ilia. 

nirissojiii l\ki \ lf»8. 

Thylacimw (^lOMrA Wf>rf), 

Tliylaculfo (;<^f»n-At'/ /(oh), 

Tin«'H (mfifA Kx>n>»X ii. 
I Ti>niat*>llii (/</f'<- M/rn-«A<//X iii 
I T<tr|H'il.i ni)«/> fish), 136. 

ToxusttT ('»<(tf ir/ar), lH 

Tox.w cniH {'H)tr Aorrt), 105. 

Ti>\.»l<)H (^iir ff.f.<A), 4jS 

Tnii;»>!« (A uu^ o/ .<y«>H/7<'), fi. 
I Tn-iiiatif* (fttttr xAf//), liL 
I Tn-matosaunw {huh lizarH), '.'ir. 
^ Tn tocrraj* (Ai^/e Aom), lili 
, Tr» tost»'niiiii frrrrt*<-lio/iO, 
I Trif)iiti !« (A'lir *ft»ieX IlL 

Trivhotn>pis (hair ketl), JilL 
I Trironodnii (thrrr anrd toothX A^t. 
! Tridacna (threr hitr), 7£ 
' TriKi>m;UiU'!J {littU trianylr tUmr), luM 
' Trigonia (/riinw/'*), IL 
I Trip)niiula' (triifomt tribe), Cfi, U. 
I Trigonixieras (truiHgle Horn), aa. 

TriK<^n<<s<'niiis (trinn'jle »i<in), ii. 
* Trilobiti'H (thrff lotifl utont), iS, 

Trinui h'us (thrtt ktmrl), UL 

Tnoiiyx (thrtt dnvvil), 814. 318 

TriiMili (/>r.»;>. iwitif), \'>.\ 

Triton (i>n>)i. luimr), 71^ 83. 

Trivia (<(r?<. fwnw), 1»L 

Tnwhiilii (top fhrll /riV), 22. 

TroolifK't-nw (tup hnrn), iflL 

TnichovyalhuK (lop cup), 2L 

Trochcitonia (Utp cut), 

Trwgiinthcriuiu ()/rt.iirin<7 beatt), 

Tropidtvilvr (krr I star), lifi. 
I Tn'piff r (ktrl iKJirrr), 12. 
; Tn'|>lion, JJU. 
I Try-on (ttiiig ray). 12i 
j Tryi*ti<;hiu8(»;>iii|(/«A), 121> 

i Tnltil'oritlit' (liitir ;iorr [wni/]), 2L 
' Tnl»iili|K.ni (tnUuU jjorc), SL 

Tiini»"at" ((-/(^lAri/), liL 
, Turbinolia whirliwul), 
i TurlMi (u hirl *hfil), 11, 1*2. 
! Tiirrillt«-K (foi'vr «f<»«r). UH't. 

Tiirritflla (littU totrrr), ^a. 

Tyli>nt<iiiia (r/wfc M'rH/A), 

TyiOliM nurnt iij fhftly, tx>. 

I'MnRKLLA, S3. 
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UlU-llfS (hiuk ,1/0 •<*•), is. 
UllKUlsl (h(ftj f, &1. 
Uiiifanliuiu hmrf), li 
Uiii<>iii<la- (Mitio tnVif), LL 
Urnnosci»|ii (nky <i>i-rrf), I'i'.l. 
UmiieiiiU!* thnnil), lUS. 
Urniift (bear), 4 It). 

Va«jinella (lUfU shftith), 80. 
VHri}i<*ni (uYirt lirartr), lii. 

Vi>»fni)tis (rr/i»(.< rucA), IZ. 
Veutriculites {little bug »U,nt), 7^ 9. 
VeruH. IL. 

Vcnuftns (woj-im Ukt), 11. 
Vvnniculiiria (/i7//e vnnnlri), 41. 
Veniillla. li 
VfiTUi-a (trart), liL 
VertiofUoiH^m (;>(« j)orr), iL 
Vt'rtironlia (;>rr*/t. IL 
Volutiila; (wJm/*^ tribe), 10. 



Voliitilitlu'M (i:.>luU ftonr), 'JiL 
Volviiria (littlf irrtijiiM'r), i>r>. 

Wai.dheimia (;»roj>. it/im/), iL 
W«'liliinn nrtmr), 13. 

Wc»>steria, ib., 2a. 
W(HKl(K'riim» (ll'(xxr* /i7v), 31- 

XAVrniPti'M (little }tellon< dt/r), IL 
X<*«torrliytias (iMilishnl wrinklf%), 217 
Xiphia8 (iif or»/ ifjiA X 
Xi|)IllNlon (sintnl fiMtth), H71 ■ 
Xylolilus (i(vio*l (IvvlUi), 'iSS. 

YoLDi A (j>r(>;i iuidk). 71. 

ZaI'MRRTTIH (j»ra;>. nnw*), Si 
ZougltMlon (y«Af t<x>th), 377. 
ZipliitiH (;>r(>;i. N<fi»ir), aii 
Zy^obatcH (vie wv), 
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